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CHAPTER 0 
TNTRQDUCTIQW 
The traditional nucleon-only picture of the 
nucleus emerged with the discovery of the neutron by 
Chadwick in 1932. In this picture the nucleus is 
considered as an assembley of bound nucleons, i.e. 
protons and neutrons. Only the nucleonic degrees of 
freedom (d.o.f.) determine the internal nuclear 
dynamics. The free nucleon-nucleori(NN) interaction 
constitutes the basis of the microscopic approach to 
the description of the properties of a nuclear 
system. Although there is no unique prescription of 
this interaction,it has been demonstrated during the 
last two decades that NN-scattering at low energies 
^%ab "^ 300 Mev) can adequately be described in a 
fundamental model based on the exchange of mesons. 
The original idea to construct such an interaction 
has been advanced many years ago by Yukawa[l] who 
predicted the pion as the (massive) field particle 
of the short range NN-force, in analogy with the 
role played by the photon in the quantum 
electrodynamics (QED). The Reid soft core potential [2] 
provides an example of such a phenomenological NN-
interaction containing the one pion exchange (OPE) 
long-range term. Paris potential [3] includes the 
I. 
effect of two-pion exchange evaluated in a 
dispersion model. This mechanism is responsible for 
the medium-range attraction of the NN-force. W^r^ 
too the short-range repulsive part of the 
interaction is described phenomenologically . The strong 
nature of the potential however poses the problem in 
a non-perturbative self-consistent frame work .The 
most widely used has been the Brueckner-Bethe-
Goldstone model [43 whose predictions agree with those 
obtained in recent variational calculations C5]. But 
neither approach has succeeded in reproducing the 
saturateion properties of the nuclear matter when 
based on purely two-body interactions. Depending on 
the phenomenlogical NN-potential chosen one finds 
binding energies per nucleon varying from B Mev to 
about 22 Mev at densities, expressed intjrms of Fermi 
momentum Kp between Kp = 1.1 fm and 2.0 fm. All the 
saturation points so obtained lie on a narrow bound 
far from the empirical point. 
Apart from the NN-potential problem, the 
conventional nuclear theory, i.e. only nucleon picture, 
fails badly to account for the nuclear processes like 
photo-and electro-disintegration of deuteron and in the 
charge and magnetic form factors of three body 
3 
nuclei. ^ and ^ e t6 ,71 in particular at higher 
momentum transfer. 
Subnuc Ipar deqrgPB oi= freedom. 
Thus it becomes evident that the only 
nucleon picture does not fully simulate all physical 
effects of the hadronic field even if the hadronic 
field is replaced by the effective potential. The 
reason for this is that the hadronic field is 
charged and therefore is subject to electromagnetic 
interaction, leading to the presence of meson exchange 
currents.lt was therefore realized that the concept of 
inert particles has only limited value and that in 
the certain processes isobar degree of freedom should 
be considered. 
Thus a new picture of nucleus emerged , in 
which the nucleons are not any more considered as 
being inert but having internal d.f.o. Such a 
configuration is effectively described by allowing virtually 
excited isobar to be present in the nucleus, the so called 
isobar configurations{IC) which are dominated by 
delta d.o.f. [B, 9 ] . Meson d.o.f. are still treated 
through effective operators , e .g. meson exchange 
current (MEC) operators usually in the lowest order 
tlO]. This was the first step of introducing 
subnuclear d.o.f. into the nuclear theory. 
Nucleonic interactions are clearly influenced 
by the intrinsic excitation modes of the nucleon . At 
a centre-of-mass excitation energy of roughly 300 Mev, 
pion-nucleon reactions reveal a striking resonance 
•V 
behaviour in the (JP ,T0 = (3/2 ,3/2) channel. This 
resonance can be understood as the formation of an 
excited state of the nucleon N (1/2'^ ,1/2 ), namely 
the /i)i (3/2"*' ,3/2) .Its mass is 1.23 Gev/C^ and 
is seen as strong resonance in HN-scattering. In the 
quark model picture the ^ is considered as a bound 
state of three quarks, in which one of the quarks has 
flipped its spin compared to the nucleon state which 
comprises three quarks in the ground state. The strong 
coupling of the A to the n~H decay channel then 
explains the observed resonant behaviour in the Fl-N 
scattering . In the nuclear matter, inclusion of 
the A-states offer a possible way to incorporate 
certain three-body forces [11] (i.e, forces that can 
not be obtained by a pairwise summation of the 
interactions between two isolated nucleons). These three 
body forces play an important role in non-
relativistic nuclear matter theory [12]. Since the two 
body forces were not able to reproduce the correct 
saturation , it was postulated that the denisty 
dependent three-body forces might remedy the observed 
discrepancy Ci33. 
/\ contributes predominantly to the region 
of short range correlations and enhance the high 
momentum components of the nuclear two-particle density. 
In the context of elastic proton-deuteron backward 
scattering at IGev C14.153 ^ was first introduced in to 
the deuteron as a new possible source of high momentum 
components in the deuteron wave function. A high 
intrinsic A spin usually implies high orbital angular 
momentum and a corresponding high power of momentum 
transfer in NN — > N A and NN >/^/^ transition 
potentials. A typical Zi Fermi momentum is about 0.3 
to 0.6 Gev/c as compared to O.i Gev/c for a nucleon 
in the deuteron. 
The speed of A in nuclei is estimated 
to be c/3 to c/2. Thus a relativistic field 
theoetical description of nucleon-nucleon ir>t^raction 
including A degree of freedom was developed. Such a 
inodel reproduced all low energy NN-phase shifts, 
correlated multi-meson exchange contributions [16] and 
t 
contributions from virtual A-states [17, 18]. The 
influence of the A states on the NN-interaction have 
been studied by many workers, most recently by 
Faassen and Tjon [19]. In their N N - N A covariant 
coupled-channel approach, all NN-scattering observables 
are calculated up to 1 Gev in the lab. frame. Very 
reasonable agreement was found. 
Plan of presentation 
The present work basically reviews and 
studies the role of the A-isobar in nuclear and 
particle physics. Particularly its static and dynamic 
properties are studied. 
Chapter 1 describes the production of A(1236) 
through strong, electromagnetic and weak interaction 
production experiments and theorAtical methods. The weak 
interaction production of A(1236) has been discussed by 
virtue of the experiments at CERN [20], BNL [21] and ANL 
[22]. 
In the chapter 2 we have discussed the static 
properties of /^. These include the mass of A j it's charge, 
isospin, spin, parity and SU(3) properties. In addition to 
these properties the magnetic and quadrupole moments of A 
have been described also. 
The dynamical propertiE?5 of A , liKe A - N 
transitions, play an important role in understanding the 
struture of nucleons. Chapter 3 describes the A - N 
trnasitions and electromagnetic and weak excitations of 
nucleon to A . In weak N - A excitation the dependence of the 
cross section on the functional dependence of trnsition form 
factors has been discussed. 
The existance of {S isobar plays an important role 
in understanding the various nuclear processes which can not 
be explained by the conventional nuclear theory. These 
include the photo and electro-disintegration of C'Weuteron. 
These processes a.re well explained by the pres nee of MEC and 
IC in nuclei. 
Chapter 4 presents the experimental and 
theoretical evidence for existance of real and virtual A s in 
nuclei. In this chapter we have also discussed the effect of 
MEC and IC in order to explain the experimental data for weak 
interaction process like >? + d >/J^ + P + P. The direct 
evidence for A in the nuclear ground state has been sought 
in spectator isobar production. 
In chapter 5, we have reviewed the N - A excitation 
in nuclei. The experimental evidence for such an excitation 
comes from heavy ion charge exchange reactions [23]. These 
8 
excitations have also been discussed in the frame work of 
A-hole model [243-
In the chapter 6 we have summerized the study of 
/\~iBoha,r and it's importance in particle and nuclear 
physics. 
In the appendix we have calculated the iCv-N, 
N(1470)-N currents in non-relativistic approach. 
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CHAPTER 1 
•4 
PRnnUHTION OF 4^-RESONANCES 
(1-A^ IHTRQDUCTIQM^ 
Neutrons and protons known as nucleons are the 
lowest states of non strange baryons. A large number of 
excited states of these baryons have been identified in the 
energy range of 1 to 3 Gev. These decay strongly into the 
ground state,and typically have widths in the range 100-300 
Mev.Consequently there is a considerable overlapping of the 
resonances,more so with increasing excitation energy. The 
quantum numbers of many of the low lying states have been 
identified.The spectroscopy of these states give strong 
indirect evidence of the quark degrees of freedom.The excited 
state of the nucleon have been studied in a large number of 
formation and producation experiments.In the following we 
dicussthe various production processes of delta 
resonances.These include the strog, electromagnetic snd weak 
interaction production processes. 
14 
n-B) STRQSG INTERACTION PRODUCATIQN OF /\-RESQNANCES 
(a^ Pion-Hucleon Scatterlnt? Til 
Out of many pion -nucleon processes,experimentally 
the most useful processes are 
n + + p > n"*" -I- p 
_ } elastic 
n + p > n ' + p 
and 
n~ + p > Tip + n ) charge exchange. 
The isospin is a good quentum number in these 
processes. The isospin of pion is 1 and that of the nucleon 
is 1/2.Thus we can combine the isospin 1 with isospin 1/2 to 
get total isospin 3/2 or 1/2.So there are two distint 
amplitudes here.One corresponding to 3/2 isospin state and 
other to 1/2 isospin state.Thus decomposition of the pion 
nucleon state into the isospin eign states yields 
Thus the scattering amplitudes,assuming isospin 
conservation, are I oui /M 
^^ n>-*^ >)^  (t>' V 
•%• 
Tv. 
A(n> ri 
0 ^)^ r^A Tv- ^ / s \ 
IE 
Where T3/2 and T j^/2are the ampli tudes in T=3/2 and T=l/2 
channe l s . 
Knowing the amplitudes,we can calculate the various cross 
sections, i.e, Oflp ' "^ "p "^"^  ^ -fln • 
X 
X 
X 
Let us assume that T3/2 >> Tj^ y2 then the ratio of the above 
cross section is 
i.e., 9:1:2 
The ratio indicates that the maximum channels of scattering 
are T3/2 channels 
For '^ 2>/2'^ '^ \/2 ^^ ® ratio becomes 
1:1:0 
and for T3/2 < "^  1/2 ^ ®^ ratio is 
0:2:1 
u 
The cross sections «Tn:"*p ^"^ °TIp ^^^ plotted as a function 
of mass of Tip system (fig. 1). At the CM energy of 1232 Mev 
there occurs a famous and dramatic bump in pion -nucleon 
cross section,first discoverd by Fermi. At this energy pion 
and nucleon joined to form a short lived "resonance " state 
the "/\".Both the plots are dominated by "delta" resonance 
(Z\(1232)) which has isospin 3/2. The assignement was 
confirmed at resonance energy by 
cfi-v 
= 3 
Which is well borne out by experiment.Thus the ^  -resonance 
is characterized by a definite isospin and is in T= 3/2 
state.Finally we summarize the pion -nucleon scattering in 
terms of the magniudes of the cross sections at the peaks and 
their positions in table (1).Apart from the /^ (1232) other 
resonance sre also observed.These are N*(1510), N*(19680) and 
N (1900).These share the quantum number B=l and states 
N*(1510) and N*(1680) have isospin T=l/2 while H(1900) has 
isospin T = 3/2 
280-
240 
17 
n 
E 
200-
160 
Q. 120 
If 80 
AO 
A(1232) 
T= 3/2 
0 
900 1100 1300 1500 1700 1900 2100 
Mass of n - p System (MeV) 
2300 
1€ 
TABLE 1 
position of peaks (Mev) Cross section (mb) 
Tn ^ 
180 
605 
890 
1300 
1232 
1510 
1680 
1900 
1 n 
195 
18 
20 
41 
•p n p 
67 
47 
59 
36 
"^ 3/2 
195 
18 
20 
41 
% 
h 3 
64 
80 
34 
<b) Partial Wave analysis o£._the. data below 250 Mev in 
pjon -nucleon scattering r21 
The problem of elastic scattering can be 
approached through the phenomenological analysis of the phase 
shifts induced in the partial waves by a scattering process. 
The principle used is to construct a solution to the wave 
function well outside the region of interaction so that 
particles are free and obey the wave equation 
(V^ + k^ ) lp= 0 (1) 
Where k is the momentum( in C-system) of scattered 
particle. If we define Z-axis to be parallel to incoming bea m 
(t) the wave function [p{r) has the asymptotic from 
y 
i|^c?)= I U fce)i 
sec e^'% U),.. (^ w 
1 C 
where 
i » 
Akz The expression (2b) represents an incoming plane wave (e^ *^ "^ ) 
and an out going scattered wavecUAjec^ - "^ ^^  term f(9) is 
called the scatterings amplitude.Now consider an undisturbed 
plane wave represented by e^^^. This function can be expanded 
into sum of spherical waves in the following form 
1<7~ ( Jirnnl xikr- L%) 
J n y/^ ^ 
Where t is the orbital angular momentum and we have used 
the asymptotic form of spherical Bessel function Ji(kr) 
•r(kr) = J ^ Si^Ckr- i "h), v_» ^ 
The first exponential indside the square bracket of 
eq.(4) represents an ingoing wave and second term represents 
an out going wave and second term represents an out going 
wave. We will now locate the scattering at Z=0. In the 
presence of the scatteres only the outgoing wave is 
disturbed.We will therefore insert a complex scattering co-
efficient before the term for the outgoing wave in order to 
discribe its modification by tke scatterer. Thus the 
c^ 
asymptotic form of li) can be now written as 
^v(fcY- et/.) ^ I (lev-! n/x.) 
%-t V( 
(6) 
uf <S) 
2C 
If this equation is compared with (2b) and (4),the asymptotic-
form of the scattered wave is found to be 
't 
-^ ^ / ^ ^ /IM" Hc'^ ^ '^^ ^ y^7f9) --^ ^^  
Comparing (3) and (6), the scattering amplititude is given 
by 
where we have used 
The term tn|-l)/2ik is called as scattering function and -we 
shall denote it by f |^ , 
The construction of the scattering amplitude also follows 
with the replacement of YA (8) by the function *^^ together 
with their weighting values. We therefore obtain ^ 
Where the subscripts t+ and 1_ imply j=t + 1/2 and j=£-l/2 
respectively. 
If we write the scattering amplitude function f o^ as 
fe/= k -' du-O/^.; -i^J 
21 
then the scattering amplitude is given by 
c^.)= I pjnau^> [f^ j^^-^;^. jx: iX] 
Expressing "^ in terms of spin eigen states,i.e. 
Thus equation <9) become; 
The spherical harmonies y^(9,^) satisfy the relation 
/ iff) ^^^ » QL il i/n (OiJ( 
i^. 
Thus equation (10) takes the form 
'u 
c'!) 
,'A 
If it is assumed that'pj^ /2 is an initial spin state,then 
it is apparently to define two terms, one corresponding to 
the no spin flip and the other to spin flip. We shall 
designate them by the symbols g(e) and f(e) respectively. 
22 
i,ie) - 0 
Let us now consider the amplitudes _ 
<rT*"p|T|n^p> = T. , 
<n"piTin~p> = 1/3T3/2+ 2/3X^/2 
< n ~ p i T ; n ^ > = 2 / 3 ( 1 3 / 2 - "^i/a^ 
Thus the expression for g(8) and h(9) 
g<8) = f s + (2fp + fp)Cos8 
Thus first term comes from £=0 and second from 1=1 
h<8) = (f_ - f„) Sin8 
But n "^ p i s a pure T3/2 s t a t e j -^ 
Simi l a r l y j / -x, 
S/^<9 
J 
The scattering amplitude can be written in the matrix element 
as 
^W--
22 
f(e) = g(e) + iYlo'.'n 
The cross section is given by 
dJT-
Thus ^ 
Since 
The t o t a l cross section i s given by 
(T^  = s n / k ^ Sin^Sj (/3-; 
The magnitudes of the phase shifts as a function of the 
kinetic energy of the plan in the laboratory system resulting 
from these analyses are shown in fig 2. 
It can be seen that T=3/2, J=3/2 phase shift dominates the 
data and resonance occurs at 180 Mev, this corresponds to the 
/\-resonance state. The parity of the ^-resonance arises 
from the product of p-wave contribution (odd) and intrinsic 
parity function of pion(odd) i.e., for £=1 
24 
UO 
120 
100 
80\-
en 6 0 -
5o loo l5o 
Kinetic energy of pion (MeV) 
fia- X' 
21 
+ <-!) (-1)^ = (-l)'-'*'^  = positive. 
We may therefore conclude that the resonant {\ -state has the 
following quantum numbers. 
B=l, T=3/2, LP^^ity = P3^2 
It also clear from the eq.(12) that we expect <Jf "" {Qn/\& )Q 
in the region of resonance.In the table(2)we compare the 
values given by this exprlssion with those found 
experimentally at 100 Mev;the cross sections are in 
millibarns. 
Total cross section IT*" -->n"^ 11" -->n" n~-->n'"-' 
(8II/k2)a 202 23 45 
experiment 195 22 45 
Where a = 1 for n"*" --> n"*" 
= 1/9 for n" --> n" 
= 2/9 for n" — > n° 
The dominance of the 3/2,3/2'*' term in the region of the 
resonance implies that the smaller phase shifts are not well 
known. The situation improves below 100 Mev where the S 
wave assumes importance. 
2i 
(oAi (P. P^  rftHntion at 5.9 Gev/c 
Double-iO^  production was observed in the study of 
the reaction 
pn > ^ ^-^(1238) A'(1238) (13) 
at the incident proton mementum of 5.9 Gev/c. [3]. Previous 
analyses of the reaction (13) have been presented [4, 5] st 
3.7 and 7,0 Gev/c. The reaction (13) data was studied in the 
peripheral region and experimental seperation of the reaction 
(13) data from accepted kinematic fits of the reaction 
pd >p^rvn"^n" (14) 
was discussed. The data for the reaction (14) were obtained 
in an exposure of the Lawrence Berkeley Laboratory. 72-inch 
Liquid deuterium bubble chamber to a separated 5.9-Gev/c 
proton beam. Twenty-one rolls of this film were carefully 
scanned twice for all three-prong events and all four prong 
events. These data, referred as sample A, were measured on 
the LBL flying spot digitizer (FSD). These measurements were 
processed through the PANA-TVGP-SQUAM program system. 
Kinematicfits were attemped to hypothesis (14) as well as the 
processess. 
p ^ ^ ^^Pt> n "^"^  
^ ^ = p^ jb;b/7V ('"•> 
p ^ = ^dn^r^' '"'> 
27 
In all these fits except (15c), the fitting procedure 
used the measured values for four-prong events as the 
starting value for the spectator (p ) momentum. Three prong 
events are those with spectator protons too slow (p ,^  80 
Mev/c) to produce an observable track, thus starting values 
of 0 + 30, 0 +30, and 0 + 4 0 Mev/c were used for Px, Py and 
Pz respectly. Fits were accepted only if the inferred project 
length of spectator track was consistent with the ob:;orvc(i 
length. A total number of 2152 events were assigned to 
reaction (14) for further analysis. From the study of fitted 
proton momentum distribution it was indicated that the 2152 
examples of reaction (14) can be considered to the result 
from the pn collisions, viz. 
pn > pn ri"^" (16) 
By normalizing the Hulthen distribution [6] to four-prong 
spectator momentum distribution in the region of 100 to 150 
Mev/c, the cross section for the reaction (16) was obtained 
after correcting the data for various efficiencies, losses 
and biases. The resulting area under the curve thus yields 
total number of reaction (16) events. In this way the cross 
section obtained for reaction (16) was 4.75 + 0.25 mb with a 
5% Glauber correction [7]. 
2S 
Fig.3 displays the four—nucleon pion invariant mass 
distribution, as well as the n O n ~ and pFl n 
distributions. It is evident that A ^ (1236) and A (1236) 
contribute significantly to the final state and that there 
are small amounts of A ^ (1236) and A "^  (1236). Table 3 shows 
that results of maximum liklelihood fit of reaction (16). The 
fraction of A ^ * A ~ production corresponds to a cross 
section of 1.90 i 0.14 mb for the process pn --> A ^ ^ 
Table 3 
(a) Resonance parameter used (b) Amounts determined 
in max. likelihood fit from max-1ikelihood fit 
Mass (Gev) Width (Gev) State Amount (7.) 
A"" 
A" 
A-
A° 
1.236 
1.236 
1.240 
1.2^6 
0 . 1 2 0 
0 .120 
0 .150 
0 .120 
Non res. 
A ^ ""n -n 
A'*"n ~p 
A~n ~p 
9.0 + 2.1 
8.2 + 1.5 
9.0 +1.1 
14.3 + 1.7 
A ° n •*"n 19.4 + 1.3 
A ""A 40.1 + 1.6 
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(1-B) ELECTROMAGNETIC PRODUCTION 
(a) Photoproduction of / \ resonance from hydrooen in the 
region 350-900 Mev. 
In the study of the reaction 
y + p > n"^  + n 
the excitation functions have been measured in the energy 
region 350-900 Mev at the Laboratory angle of 31°, 58° and 
1 1 ^ corresponding to the centre of mass angles around 4 ^ , 
90 and 135° t83• The production of positive mesons resulted 
in a target of liquid hydrogen by the bremsstrahlung beam of 
Cornel 1.5 Bev Synchrotron. These mesons were first momentum 
analysed by strong focussing magnet and then identified by 
pulse height and range requirements in a four counter 
telescope. By setting upper limits on the pulse height in the 
first and third counters protons are alliminated at the 
forward angle. At the laboratatory angle of 115° there are 
no protons. 
Electron contamination was shown be negligble at 3l'^  by 
observing counts from hydrogen with the current through the 
magnet coil reversed, By keeping the peak energy of 
bremsstrahlung spectrum below threshold the single-meson 
production was insured. The excitation curve are displayed in 
fig. 4; the dashed curves are the representation of an 
31 
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average of the previously existing data C^D- In computing the 
cross section a thin target bremsstrahlung spectrum was 
assumed; the total energy in the photon beam was measured by 
a quantameter. [103 Correction were made for decay in flight 
and for nuclear absorption in the telescope. 
The total cross section implied by three excitation 
curves in shown in fig. 5. The second maximum of nearly 100 
ub at photon energy of 650 Mev is strongly suggestive of 
(3/2, 3/2) isobaric state which subsequently decays into a 
meson and a nucleon. 
(b) (y,P) Experiments on nuclei in the A — region Cli] 
The momentum spectra of protons on the reactions (Y,pn) 
and (Y,pp) for TH, Tie, Be, nZ and tD have been measured 
in the incident energy region from 187 Mev to 427 Mev and in 
the laboratory proton angles of 3CP , 6CP , 9cP and 1 0 ^ . In In 
order to measure the momentum of the photoemitted protons a 
megaetic spectrometer was used which accepted the protons 
with the momentum greater than 300 Mev/C. With the resolution 
of about 4.57.. Two setups were adopted. A magnetic 
spectrometer alog with hodoscope system [12,13] formed the 
setup A. The hodoscopes which surrounded the target except 
the spectrometer side were used to detect charged particles 
accompanied with the proton in the spectrometer. Setup B 
33 
consists of a magnetic spectrometer with 64 neutron counter 
system [14, 15, 16, 17] which were located at opposite side 
of the spectrometer in order to measure the momenta of 
protons or neutrons in coincidence with spectrometer protons. 
Fig.5. shows the momentum spectra [15] of protons 
emitted in laboratatory angle of 30° from various nuclear 
targets. Spectrum shows two broad peaks which vary' their 
positions with the incident photon energy. The existence/ of 
the peak in the momentum spectrum means that the protons in 
this energy regions a.re from the quasifree two-body reaction. 
From the kianamatical consideration [13] of the position of 
the peaks and of their variations as a function of the 
incident proton energy, it was concluded that peak at low 
momentum side (Ist peak) was due to the reaction 
Y + "N" > P + n (1) 
and that at high momentum side was due to the reaction 
Y + "PN" > P + N (2) 
where "N" denotes the quasi free nucleon in the nucleus and 
"PN" denotes the quasi nucleon pair, PP or Pn ,in nucleus. 
The justification of this intrepretation came frome the 
cmparision of nuclear target with dutreon data as shown in 
Fig. 6. From the information of hodoscope in the first 
setup i.e. setup A, It was found that charged particles are 
not accompained by most of the protons in the second peak 
(Fig.7) This suggests that proton-nutron once likes 
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deuterons from the nucleon pairs in the reaction (2). These 
momentum spectra were analyzed by two Guassian distributions 
centered at the peak positions and by integrating the 
respective distributions over momentum the cross sections 
do/d of reactions (i) and (2) 
are defined. These cross sections are plotted as a function 
of incident photon energy [15] at proton angle of 30°on 
various nuclei(Fig5 8 and 9 ). 
Fig. 7. shows a maximum at 320 Mev for deuteron and at 
370 - 380 Mev for other nuclei targets in reaction (1).These 
behaviors indicate the dominant contribution of ^ in 
reaction (1). The difference in peak position between 
deuteron and other nuclei stems from the nuclear binding 
effects of the nucleonsMn the nucleus. 
Fig. 8. also shows max. at photon energy around 280 Mev 
in reaction (2).This may indicate again contribution of /\ in 
the photo disintegration process of pn pair in the nucleus, 
(c) Electro-Production of j^-resonance on Hydrogen 
Electroproduction of pions in the light nuclei is 
a very broad and useful tool for undertstanding nuclear 
matter. The investigation touches several diffferent subjects 
as pion scattering, mirror transitions,elementary pion 
producation effects and ^ production.The electrproducation 
AC 
o f s i n g l e n * meson on h y d r o g e n 
-> e + n ••• n e + p 
has been messured upto values of q'^  ^ 0.9 Gev^/c^ [18]. The 
cross section has been measured by detecting coincidences 
between the scattering electron and the produced n 
meson.The cross section was measured in kinimatical region of 
•^  = (e-e')-^=0.i—0.9 Gev^/c^, SQ=(n %-n) ^  =4.0—6.0 Gev^, q 
2 2 t = 0.15 Gev /c .The angle between the scattering plane (e, 
e ) and the production plane ( Fl ,n)was taken in the range 
of Q-2n ( YJ-JB = 0 -2n).The transverse photon polarization 
/^^(#/)^f i M 
e varied in the range 0.6 .^ £ ^ O.S. The general form of th 
cross section for the electroproduction of hardens is given 
by [19] rs„-V; 
The cross section is decomposed into parts due to the two 
tranverse components and the longitudinal component of the 
virtual photon polarization.By mearuring the azimuthal 
dependence of the cross section, the components cr ••• 'T'> 
Of and a^ are separated and their dependence on S , q and t 
is determined. 
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The scattered electron and the n meson are detected 
xn optical spark-chambers, cerenkov and shower co}nter after 
deflection in the magenatic field.Nearly 300,000 pitures were 
photographed and were automaticaly digitized by flying spot 
digitizer.Events of single H producation have been 
seperated from the events of multi pionproducation by ther 
corresponding mass f^ j^ g^  oi the system of overall unobserved 
hadrons in the final state 
9 ' + "7 
m = ( e + D - e + 0 ) miss ^ '^ '^ ^  I 
A typical missing mass spectrum is shown m fig.10. The 
events of single II production show a peak around the 
neutran mass. The enhancement in the region of 1236 Mev is 
due to electroproducation of ^^ excitation together with 1 l"*" 
meson 
e + p •> e' + IT^ + A ° (1236) 
(d)ElectroDroducatiQn ofZX-resonance from carbon 
12 ' 
The experimental measurements on the C(e,e ) reaction 
at high inelasticities were made using the electron 
scattering facilities of the Saclay Linear Accelerator [20] 
(ALS). The data were obtained at bombarding energies between 
120 Mev and at scattering angles of 36°,60°,90° and 145°. I he 
experiment was performed at the linear accelerator of Saclay 
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using the "600" Spectrometer in the HEl end station.The 
detector a.rra.y in the focal plane of the spectrometer 
consisted of two multiwire proportional counter chambers,a 
plane of plastic scintillators ("R"counters) and a set of 
cerenkov detectors ("e" counters).In this expriment it was 
curcial to rejet pions produced in the target.Therefore, 
crenkov detectors made of silica aerogel were used for most 
of the measurements.Pions of the momentum less than 0.4 Gev/c 
were consequently rejected.The electron detection efficiency 
was measured to be 90"/.. The valid events were signified by a 
trigger pulse formed by a coincidence between a plastic 
scintillator (R) and the appropriate cerenkov (C) counter. 
Fig (11) shows the laboratory differential cross 
section as a function of the energy transfer (W = E - E ). At 
higher W-values, pion production dominates threshold, non-
resonant terms [21] are the most important; at larger energy 
transfer, the ^-resonance is the largest contribution to the 
cross section. Fig. 11 shows the results obtained at the 
incident electron energy of 680 Mev and at a scattering angle 
of 36 . It can be seen that the position of the experimental 
resonance is 30 Mev lower than that of free nucleon 
resonance. However at 60°, i.e., at higher momentum transfer, 
the position of the experimental resonance is closer to the 
free resonance (fig. 12). 
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(l-C) WEAK PRODUCTION OF A-RESONANCE 
Schwrtz and Pontecorvo independently proposed using 
neutrinos from the decay of intense, well collimated beams of 
high energy pions to probe the weak interactions.Sincfc then 
expriments at Argonne,Brookhaven and CERN laboratories have 
provided much informtion about the weak interactions. A 
considerable number of single pion production events have 
been observed in the neutrino - nucleon collision experiments 
[22].These events are predominently associated with the 
production of (3/2,3/2) resonance which decay into a pion and 
a nucleon. 
"0 4- N > /T + N* 
'-> N + n 
For incident neutrinos ,the process has a production cross 
section of isobar on protons which is 3 times the cross 
section on neutrons. Therefore this process is suitable for 
experiments on hydrogen. 
(a) Experiments at Argonne National Laboratory 
The detailed information about the above reaction came 
from Argonne National Laboratory [23]. The data for the 
single rl production in the charged current neutrino 
hydrogen interaction^ 
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^ + p > ^ ^ + p +0"*" ( 1 ) 
became available from the Argonne neutrino expeiment in the 
12-feet hydrogen bubble chamber. In this experiment the 
neutrino energy was smaller than 10 Gev. A total number of 
551 events fit the channel. 
VP > yy^  /\++ (1236) (2) 
Fig. 13 show the energy distribution of the neutrino beam 
used in this experiment, the distribution peaks at 0.5 Gev 
and falls off rapidly wih increasing energy- The neutrino 
energies for the events of the type (1) are histogrammed in 
fig.(14). 
The n p effective mass distribution for these events is 
shown in fig. 15. It contains a clean 4^ '*"'''(1236) signal with 
negligible background. The production cross -section for the 
type [2] as measured in this experiment is shown in fig. 16, 
as a function of neutrino energy. It rises from threshold and 
levels off at ~ 0.8 x 10 ~^^ cm^.ks 
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The experiment evidence for the producation of ^(1236) 
also came from the CERH Heavey Liquid Bubble Chamber group 
[24]. The single pion production by neutrinos on free proton 
was studied at CERN PS with 1.2m heavy liquid chamber[25] 
filled with propane.This chamber was exposed for 1.08 x U) 
1 7 pulses corresponding to 6.8x10^' protons of momentum 20.6 
Gev/v on the target of improved neutrino beam.This neutrino 
spectrum is shown in fig.(17). It is based on the measurement 
of the muon flux in the neutrino filter, and is estimated to 
be accurate within 15%. The film was scanned for all the 
interaction in the propane, whether due to incident neutral 
or charged particles. The events were measured on the image 
plane digitizers and the measurements passed through the 
DRAT -GRIND [26] Chain of programmes. 
The average cross section for the single pion 
production by neutrinos on the free proton has been estimated 
to be (1.13 + 0.287) x lO"*^ ^ cir^  for neutrino of energy 
between 1 and 4 Gev.The cross section is shown in the 
p 
fig.(18).The distributions in the q and in the square of the 
invariant mass of pion-proton system ( Vr (Tl p)) for the 46 
selected events with sum of the energies of meson and kinetic 
energy of the proton (Eyjg ) > 1 Gev is shown in fig. (19). 
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The M^(np) histrogram shows that /^(1236) production is 
dominant. It is clear that the reaction 
^p >/rn"^P 
results largely in the formation of this isobsr, as was 
suggested by previous experiments [24]. 
(c) Experiments at Brookhaven National I^aboratorv 
A number of studies of /\'^'*"( 1232) production using light 
liquid bubble chamber have been reported [27, 28]. In a 
recent neutrino experiment [29] at BHL" the reaction 
was studied .The data was obtained from a total of 1,800,000 
pictures taken in 7-foot deutrium filled bubble chamber 
exposed to a wide-band neutrino beam with a mean energy of 
1,6 Gev from the Alternating Gradient Synchrotron (AGS) at, 
Brookhaven national laboratory. The final data sample for 
above reaction was obtained from all exposures of tlie chamber 
and was approximately twice the size of those used in earlier 
analysis [30]. Each event was measured and processed tlirougfi 
geometry program TVGP, and the Kinematic fitting program, 
SQUAW, and then examined. The number of selected /\^^ events, 
with hadronic mass <W) of 1.08 < W(Gev) < 1.40 Gev, neutrino 
energy 0.5 < E^CGev) < 6.0 and 0.1, Q2(Gev/e)2 < 3.0, was 
1232 events. 
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Fig. 20 shows the neutrino energy (E^) distribution for 
the /^^^ producation reaction. The distribution peaks at 
approximately 1.2 Gev. Fig.(21) shows the momentum transfer 
squared(€r ) distribution for the £)^^ production reaction. 
The summary of the events is shown in table 4. 
IABLE_A 
SUMMARY QE THE EVEBTS 
Reaction Observed 0.5 < E^  < 6.0 Gev Cp <3.0 Gev^ 
)^d — > A'A^ "*"" 1610 1547 
1385 1384 
1232 
b1 
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CHAPTER 2 
STATIC PROPERTIES QF A 
(2-A> IHTRODUCTIOHJ_ 
The delta resonance is of special importance both 
in particle and nuclear physics. In particle physics, / \ is 
the representation of the lowest excited state of the 
nucleon. This state is one of the few states that can be 
clearly separated from the modes of excitation at low and 
medium q. The information about the internal structure of the 
nucleon is provided by the properties of /\. In nuclear 
physios the properties of /^ are intimately linked to the one 
pion exchange nature of the longer-rarige part of the nucleon-
nucleon force, a n and N preferentially couple to /^. 
Accordingly, an important role is played by the ^ in 
understanding of meson exchange processes that, for electron 
scattering at large momentum transfer q, are of particular 
interest. In the following we shall discuss some of the 
static properties like mass , charge, isospin, spin, parity 
SU(3) properties, magnetic and quadropole moments of /\-
resonance. 
6t 
(2-B) Mass of A 
The accurate measurements of low energy Tl p > n p 
differential and total cross sections by Bussey et al [1] 9tid 
Carter, et al [2] and of the n~p — > Il'^ n total cross-
sections by Bugg et al [3] have led to a substantial 
improvement in the precision of low energy flN partial waves. 
Their data was used in order to obtain the ^ parameters 
(mass & width). In the analysis of their new total cross 
section measurements Carter et al. C4] and pedroni et al. [.0] 
noticed a splitting of Z^ "*"^  and /^^ masses. .Koch and 
Pietarinen [6] performed an energy independent partial wave 
analysis on pion-nucleon elastic and charge exchange 
differential cross sections for the lab. momenta below .500 
Mev/c, where masses and widths of /^ and /X*-* have been 
redetermined from the total cross sections. They argued that 
the P33 wave deduced from Tl "*'p > n'*"p (^ -resonance) is 
different from the P33 wave deducible from JTI" p --> n~p and 
n ~p --> n °n scattering which contains the A ° - resonance. 
A result of such an argument is that differential cross 
section is not accurate enough to show a statistically 
significant splitting of /]^"*'"*" and /\^^ resonances. Such a 
splitting is only visible in the total cross section data 
[2,5]. So the total cross section data of Pedroni et al. [.5] 
was used in order to redetermine the splitting of A,"^ ^ and 
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/^° masses in the results for non-p 33 phase shifts. A clear 
separation of the p contribution is possible as the other 
waves are small compared to P33 near the resonance and do not 
contain structures. Koch and Pietarinen determined the 
resonance parameters from fits using Breit-Wigner resonance 
formula [7], 
•*• X -1 
'^  •- ( V ) ' 
where q j^  is the q-value at the resonance position, W = W p, W 
is the total cm. energy of the IlN system, r is the 
interaction radius. Due to the isopin factor 1/3, Tl~p data 
n<-> ^^(K)\'o^ 
give a less accurate determination of /S^ than J\^ ++ a J 
determined from n^p total cross sections. 
The values of Koch and Pietarinen [6] from the fits to 
the data of Pedroni et al. [5] are for 
4-+-
++ A 
A"^  
Wn = 1230.8 + 0.3 Mev 
^ 
W R 
^ 
= 111 + 1.0 Mev 
= 1233.8 + 0.5 Mev 
= 113 + 1.5 Mev 
The interaction radius r was determined to be 1.11 + 0.02 fm 
from n p total cross section. The mass splitting Wp -W f^  
is same as obtained earlier by Pedroni et al, but the width 
difference which was 6.6 + 1 Mev in earlier work [5] reduces 
b8 
to 2 + 1.8 Mev after the fits of Koch and Pietarinen [6]. 
r? remained the same,but H* was lowered by "5 Mev.In a recent 
'fi, K 
photo - production experiment on various nuclei, the mass of 
the / \ obtained was of the order of 1236 Mev at a photon 
energy of about 320 Mev. Cohn. H.O. et al, in a strong 
production experiment [9], presented the mass of / \ 
multiples in the order of A ^ ^ = 1.236 Gev, £^^ = 1.236 Gev, 
A ~ = 1.240 Gev and A ° = 1.236 Gev with corresponding 
widths 
Qf••^ - 0.120 Gev, Q - 0.120 Gev, f^ - = 0.150 Gev and fj: 
0.120 Gev respectively. 
6S 
(7.-^ ^ Charge. TsQRPin. spin, parity and Su(3) Properties 
In the study of charge independence and symmetry from 
n'*' and ri~ interaction on hydrogen and deuterium near the 
(3,3) resonance the total cross sections for 11 p and n~d 
have been measured in the energy range 70-370 Hev in a 
classical transmission experiment using multiwire 
proportional chambers CIO]. Comparing the total cross 
sections for n"^ and n ' on hydrogen and deterium yields 
information on the validity of charge independence and charge 
symmetry of the pion-nucleon interaction provided the 
electromagnetic effects can be mastered. For the case of 11"*^? 
scattering there is already some evidence for a slight 
violation of charge independence in the vicinity of A(1232) 
resonance, [11]. The measurements of Il'^'d scattering in the 
region 70-370 Hev indicate an energy dependent differences of 
a few percent between the n "^d and 11 ~d cross sections. An 
obvious qualitative explanation is that the long range 
coulomb repulsion tends to keep n and p apart and inhibits 
the nuclear scattering; conversely, coulomb attraction 
between 11 and p increases the probability of nuclear 
interaction. Wilikin, C. et al. [10] attempted to account for 
such an energy dependent difference by the coulomb distortion 
using a potential scattering model assuming a target of two 
almost free nucleons. The residual difference is well 
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represented by a mass and width splitting between the charge 
symmetric states of the A of a similar size to the / \ , £^ 
splitting. Unlike the mass and the width differences between 
/\''"*' and /\^y the splitting between the charge symmetric 
states of the ^ is consistent with a simple quark model 
prediction for the mass differences and with the resulting 
width changes. Some other measurement [9] also predicted that 
/\ exists in four charge symmetric states {{^ , /\~, /\^, 
/^ ) with almost a similar size which is in accordance with 
the predictions made by the quark model. 
The n p and n p total cross sections also confirm 
the isospin of the A-i^esonance. Figure (1) of chapter (1) 
shows the IT^p and n"p total cross sections as a function of 
mass of n-p system. Both the plots are dominated by A of 
1=3/2. Such an assignment was confirmed at the peak energy by 
the ratio 
= 3 
which is in excellent agreement with the experiment. The spin 
parity jP = 3/2 •*" assignment was confirmed from the angular 
distribution of the n'^ 'p elastic scattering in the region of 
this resonance. 
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Let us now discuss the quark structure of the A 
resonance. The ^ is a member of the decuplet which consists 
of spin - 3/2 baryons of lowest mass. The S = 0, I = 3/2 
isospin quadruplet, the /N, (1232), existing in the charge 
sub-states A "*"^  . A^ , A" . A P • The regularities such as 
that in the decuplet can be accounted for by postulating 
three types of fermion constituents in a baryon called 
quarks, with definite quantum numbers. The quarks consist of 
an S=0 isospin doublet labelled u and d and S = 1 isosinglet, 
labelled S. The assignment u, d, s are called the flavours of 
the quarks. The fundamental representation of SU(3), the 
multiplet from which all other multiplets can be built, is a 
triplet. Since a baryon is made up of 3 quarks chosen from 
any 3 flavors, thus 27 combinations are possible. Some 
symmetry principle peculiar to members of a particular 
multiplet was introduced. Such symmetry will concern quark 
spin as well as the quark flavour. First with regard to 
flavour, we can require that the flavour part of the baryon 
wave function should have a definite symmetry when any pair 
of quarks is inter-changed. The states, for example, uuu, 
ddd, and sss are clearly symmetric under the interchange. 
Since the members of the decuplet consist of the 
spin 3/2 baryons of the lowest mass, it is assumed that the 
quarks sit in a spatially symmetric state (L=0). The J=3/2 
11 
value is then obtained by having three quarks in a symmetric 
spin state with spins parallel. Hence the 3/2 decuplet is 
characterized by symmetry of the three - quark wave functions 
in both flavour and spin, as well as space. Thus the 
quarkcontents of the {^ quadruplet are 
A-^ ^ 
A ' 
A ° 
A " 
= u tu t uT 
= ut uf d ^ 
= Ut d | d j 
= di di d| 
and the spin wave functions are given by 
V,. T 
However such a symmetry of the ground state poses a problem. 
For example, a A ^ ^ of Jj^  = 3/2 is described by the 
symmetric wave function 
ut ut ut 
This clearly violates the Pauli principle and Fermi 
Statistics. Both these problems were resolved by introducing 
a new property or quantum number the "Colour" for quarks. It 
is supposed that quarks came in three primary colours, red, 
green and blue denoted symbolically by R, G and B 
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respectively. The hadrons have zero net colour, that is, they 
are colour singlets. The three quarks that make up the A 
state are now distinguishable by their colour quantum number. 
So A"*^ * consists of one red, one green and one blue U 
quark,i.e., Uj^ l^ l% .The three colours specify the strong 
charges for the quarks. The colour Su(3) is believed to be an 
exact symmetry of fundamental origin. 
(2-D> Magnetic poment of d^^ 
The ideas for how to measure the magnetic moments 
of strongly unstable particles were badly needed, since the 
conventional methods require much longer times than the life 
times of the resonances. Kondratyuk and Ponomarev [12] 
suggested radiative 11 p scattering as an ideal process for 
measuring the magnetic moment of A^^-i'esonance. These 
authors showed that when photon scatters nearly backward with 
respect to both incoming abd outgoing pions a strong 
cancellation occurs in the external charge radiation 
contribution. Under these circumstances the internal 
radiation contribution (coming from A^^ ) starts being 
important and the cross section turns out to be strongly 
dependent on the magnetic moment of the A * 
Pascule and Tarrach [13] have proposed a simple and 
elegant calculation which leads to surprisingly narrow limits 
7< 
for A/\*+ • They argue that the absence of a bump or 
interference patterns in the experimental data [14] in FI-p 
bremsstrahling implies that the radiative decay /\^'*' --> 
"^*"*'Tf does not dominate the bremsstrahling reaction. They 
proposed to calculate the jUU contribution to n'^ 'pV at one 
photon energy only, specifically such that the H"^  p final 
state is at the peak of the /ll^*"^  (1232). Their final result 
corresponds to Al^+ = 3.7 + 1.4 for 8^  = 160 °. This value 
is in perfect agreement with Su(6) prediction 
/A^ = (M^ +M) ;ip = 3.66 
Nefkens et al [15] presented the results of new measurements 
of pion-proton bremesstrahling (H'^p --> n"''pV) at incident 
pion kinetic energies T j-j =269, 298 and 324 Mev. They 
obtained the differential cross sections over a wide range of 
photon angles, at photon energies between 15 to 150 Mev. The 
differential cross section in all 108 spectra decreased 
monotonically with increasing photon energy and that none of 
the spectra indicated any evidence for the final state rip 
interaction involving the A (1232) rc-sonance. 
They applied the model of Pascual and Tarraeh to 
their data to yield a limit for the magnetic moment of the 
/\ resonance. The Ur^^ dependent contribution to n'"py 
when the photon energies such that the final-state rX^p is at 
the peak of the / \ can be expressed as [2] 
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^ AH- b H^-*-^ -^ C f^^^-i 
The differential cross section calculated using above 
equation at T^ = 288 Mev, E =: 60 and 58 Hev versus/A/^ is 
shown in fig (1). There is a deep minimum in the cross 
section when /Jy\ 7^  GPf^ and its smallness explains the 
absence of a bump or interference in the photon spectra. The 
cross sections measured including the quoted errors, are 
indicated in both figure (1) and (2) by horizontal lines. 
Their interactions with the respective curves provide 
reasonble limits for /A^+ . These results are listed in 
table(l). The tightest limits are 
4.7 < ^^^'^ < 6.7 /J.j^  . 
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FIG. ^ IT*/)— r*/)r laboratory differential cross sec-
tion for plioton coimtors G, and G^^ at r , . -2! )S MeV fo'' 
tlio i)hoton enciRj' at tlic resonance, E^ --M and JS MC^ 
for G| and G^, rcspectivclVj as a fmiclion ol Hic niaiT-
iK'lic dipolo moment i^ . . of llic A(rj:!L:) rc.tonancc tnl-
cuialcd by Pasciial and Tarracl i 
. i 7 I Q . l . Snme as Fig. 1 except tl\at the photon couii-
j t r l s G , , J '^=2G9, 298, and 324 MeV, and tlic l e s p e c -
<lvephoton energy 43 , 58, and 69 MeV. 
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TABLE 1 
Limits for the magnetic dipole moment of Z^ '^ '*'(1232) resonance 
obtained using the model of Pascual and Tarrach [13]. The 
fourth column gives the experimental results due to Nefkens 
et al. [15] obtained at the photon energy corresponding to 
the perks of the /^^^ which is given in column 3. 
Photon 
counter 
G 
Incident 
energy 
(Mev) 
Photon energy limits on 
Lab A^"" 
(Mev) <nb/Sr^ Hev)(eh/2mp o) 
1 
4 
1 
4 
11 
12 
1 
4 
7 
11 
12 
13 
269 
269 
298 
298 
298 
298 
324 
324 
324 
324 
324 
324 
44 
45 
58 
60 
58 
60 
69 
72 
78 
69 
72 
78 
1.2 
1.6 
0 . 9 
0 .7 
2 . 1 
3 .9 
1.0 
1.4 
1.6 
1.1 
2 . 5 
6 
+ 3 . 3 
+ 3 .6 
+ 4 . 2 
+ 4 . 7 
+ 2 .4 
+ 0 . 8 
+ 4 . 2 
+ 4 . 1 
+ 4 . 6 
+ 4 . 1 
+ 2 .4 
+ 0 . 3 
< H. <9.0 
< ^ ' ^<9 .7 
<U^ < 7 . 2 
< jU^<7.2 
< MA <8 .8 
< Ui><\^ 
< f/z> <6.7 
<U^<1.1 
<lAt,<l.% 
< 1^^ <8.Q 
<M/. <8.7 
<M6 <11 
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(7.-YA Quadrnpole moment of A 
The constituent quark model cannot account for the 
static quadrupole moment of delta. Becchi and Morpurgo [16] 
studied the transition fp —> ^.^(1236) and noted that 
electric quadrupole transition E2 is forbidden. The Becchi-
Morpurgo selection rule that the transition "VP "-> I\^ is 
pure magnetic dipole transition was an early success of the 
quark model. Moorhouse [17] noticed that photoexcitation of 
protons to states l^ in octates with quark spin 3/2 is 
predicted to vanish. The matrix element for '^ p --> /\^ 
(S=3/2) involves the spin flip, magnetic interaction in order 
to give the tranition from nucleon (Spin = 1/2) to the i \ 
(Spin = 3/2). The wave function for the initial state is 
while the final state is 
The spin flip can only reach the ^ from the initial ^(^s > 
since the matrix element C^y^ \ (T^ l^na)^^ zero. Hence the 
transition is proportional to expected value of<|'2._^|>, 
which vanishes for proton targets. 
However, the quark hyperfine interaction provides 
good evidence for the presence of the quadralpole moment of 
A^- This interaction, which is the colour anologue of the 
7S 
magnetic dipole-magnetic dipole interaction of electromagne-
tism. is of the form [18] 
V 
where in lowest QCD order 
^li2ii Sr • 1 . 
ID-
2/3 0< 
^; "^ Z 
between q j^  and q j in a baryon 
between q^ and q j in a meson 4/3 tXs 
This interaction has a number of features including 
(i) its sign in baryns and mesons 
(ii) its relative strength in baryons and mesons 
(iii) the (ra^^ mj)"-*- dependence on the quark masses 
(iv) the short range S^.Sj (contact) interaction 
(v) the relative strength and sign of the tensor and contact 
terms. 
Apart from the various successes, the hyperfine interaction 
predicts the existence of D waves in the nucleon and delta 
which explain the quadrupole moment of J^ . The hyperfine 
interaction violates Su(6) selection rules [19] and so 
introduces impurities into the 2g [i,e, . (56,0)'*'] baryonic 
ground states. 
Since, the spin orbit interactions have neither 
diagonal nor off-diogonal matrix elements in S waves, these 
impurities are produced only by hyperfine interactions. The 
tensor term in the hyperfine interaction will induce D waves 
in the / \ and the N [20, 21, 22] which should have an 
observable effect on the transition "^ H —> A o^ of^  the decay 
/\ —> fiy, thus allowing a test of relative sign and 
magnitude of the tensor and contact terms independent of the 
uncertainties arising from the spin-orbit terms. The 
hyperfine interaction will lead to a physical nucleon and 
delta with approximate structures. The hyperfine interaction, 
besides introducing a considerable mixing with states of 
different symmetry gives rise to small D-state component, 
which has a very low probability in the nucleon state (Pp 
0.4%) but for the / \ it has non negligible value (P^  ^ 1.9%). 
The D-waves in ^  will also cause it to have non-zero static 
quadrupole moment which is another important prediction of 
the quark model with hyperfine interaction. In fact one ha,s 
[23] 
QA = -0.089 fm^  . 
It is certainly a small value, but it reveals an intrinsic 
oblate deformation of the excited nucleon, whose presence is 
one of the interesting issues regarding the study of nucleon 
structure effects in nuclear properties [24]. It should be 
reminded that an oblate nucleon deformation is one of the 
mechanisms which presumably influences the charge 
distribution in light nuclei like He [24]. 
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CHAPTER 3 
8K 
/ \ - N TRAHSITIOHS AND N - A EXCTTATIQHS 
(.3-A) IHTRODUCTIOH 
As mentioned in chapter 1, the nucleon has many 
resonant states which are particularly evudent in pion-
nucleon reactions. These resonant states can also be produced 
in the electro magnetic processes because most of them are 
coupled to the photon channel. Some of such isobar states 
give rise to large enhancements in the total absorption cross 
section. They are produced through different excitations 
(i,e,. Ml, El and E2 for A (1232), N(1520) and N(1680) 
respectively) and decay mainly into the pion-nucleon channel. 
The study of such transitions is important from the point of 
view of the internal structure and should give complementary 
informations with respect to what can be learned from the 
elastic electron scattering. The quark contribution to the 
radiative transitions between hadrons has been investigated. 
The standard hypothesis is that a photon is emitted or 
absorbed by a single quark in the harden and the transition 
VX --> Y is thereby triggered. The most relevant transition 
is the one involving /\ state 
(YP --> A (1236). The process may be described in terms of 
a direct YWA coupling leading to an intermediate /\-state, 
which subsequently decays into the n-nucleon channel. There 
is considerable interest in the helicity amplitudes for the 
above transition, since these determine the 
8. 
electricquadrupole E2 and magnetic dipole Ml transition 
amplitudes, the former depending on the D-state percentage in 
the shell model quark wave function. In this chapter we shall 
study the mass splittings for baryons, mainly concentrating 
on the ^ -H system, ^ --> Ny electromagnetic transitions. 
The second part of this chapter is devoted to the 
electromagnetic and weak N-/^ excitations. 
8c 
(3-B)s A-N splitting 
The -fact that isosping violations may arise in part 
from a difference in the mass of down and up quark is crystal 
clear. The reason being that even if isospin symmetry were 
exact (in the absence of electromagnetism) the mass 
difference m^ - m would still be renormalized by electro-
magnetic interactions and must consequently be treated as an 
isospin violation parameter. Within the Su(2) isospin 
multiplets there are small mass splitting, e.g., neutron and 
+ O proton, n and FI . These are of the order of a percent or 
so and in quark model may be expected to arise from 
electromagnetic effects. For example, photon exchange between 
the constituent quarks will give a contribution to the 
overall energy (mass) proportional to the charges of the 
quarks involved. The contribution in the fl will therefore 
differ from that in the n leading to a mass difference 
between two states of the order Ot = e^/4n " 1 percent. 
Within Su(3) multiplets there are rather large mass 
splittings, e.g., the vector mesons, p, K > i ^.re split by 
some 300 Mev in a mean mass of around 800 Mev while the 
baryon decuplet exibits a similar effect with splitting of 
450 Mev in a mean mass of around 1450 Mev. 
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There appears to be a spin-spin force between the 
pairs of quarks. Such a spin-spin force emerges naturally in 
a theory were quarks interact by exchanging vector gulons. 
This leads to the shifts in the energy levels or masses which 
are proportional to the expectation value < S^  - Sj > . Ihi'^  
expectation value is dependent both on the spin of the quark 
pair and total spin of the whole system if more than two 
quarks are present. A spin -spin force acting between quark 
pairs in baryons will separate the S=l/2 amd S=3/2 baryons 
masses. Similarly a spin-spin force between quark and anti 
quark separates S=0 and S=l meson masses. 
The splittings arising from QED, i.e., photon 
exchange between the quarks, will be at most a few Mev. 
However these electromagnetic effects cannot explain the 
large separation in the mass of FI and p. If quantum 
chromodynamics picture is correct then vector-glucon exchange 
will generate hyperfine splittings proportional to the quark-
gulon coupling. The introduction of the colour gives the 
correct relative magnitude of baryon and meson spin-spin 
splittings and also the correct sign of baryon mass 
splitting. If this coupling is much stronger than the 
electromagnetic, then S . S splittings (P-n, K -K) do appear 
to be quite sizeable and we may hypothesise that they may 
have their origin in the vector-gulon exchange. Let us now 
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return to the discussion of the baryon isomultiplet mass 
differences. The mass difference between two members of an 
isomultiplet is composed of a large number of effects, e.g., 
(i) the difference in the constituent quark masses 
(ii) the change induced by m ^^ - m^ in the colour hyperfine 
interactions, which goes like, 
between quarks i and j, 
(iii) the change in the expectation value o /», ,• J from the 
resultant wave function shifts, 
(iv) the change in the zero point energy of the system, 
(v) the coulombie and hyperfine interactions of 
electromagnetism. 
In practice it turns out that the actual 
electromagnetic contributions are small so that observed 
isospin violations are dominated by m^ - m and strong 
interaction shifts. In the harmonic, oscillator model the 
three quark wave function (spatial) in the ground states is 
approximated by the harmoniC oscillator solution [1] 
X ^i- A Ki-
in which ^ ^ ^ ^ / j ^ 
and where 
'^ 
8S 
VTOP ^ orO, -rT)^ - '^rTi ^KW 
rrO-
If one ignores the spin-orbit part of the one-glu exchange 
potential, then the spin-dependent piece between two quarks i 
and j in a baryon is [2] 
0 
The spin-dependent colomb potential and other momentum 
dependent terms have been left out. (X is the effective quark 
gluon coupling constant. 
The expression for the hyperfine interaction is 
similar in the form to the energy of two magnetic dipoles and 
cV 
i s g i v e n by [ 3 ] 5 ^ 
W'/- 'Mh %•%• SCr^f) 
Where only the zero-range part has been taken into 
consideration. 
Let us now calculate the expectation value of 
equation (3) 
where S^ is the total spin icK» 
where we have used the normalization condition for the part 
of wave function. Thus 
9C 
V^  . 4^ 
-(4J 
p(^ - (B>^ ^^ '^ y''^  - (^^"^'V^^ro-y^r,';) 
'/a 
In case m ^^  = m ^j, then od and oCx will be same 
/A) ^ 4 
<^o(^ _- 5( 3-^A/'^  0 - ^ ^ / 7 ' 
'4?^ 
= [(3-^^)7 
' ^ 
Thus the equation (4) becomes 
(/ ) 
Let us calculate the hyperfine splitting for l\-H system. For 
C\ (S^ = 3/2) the above equation becomes 
''Ym^ % 
y 
S i m i l a r l y kll^ ^A/7/T, Tf • 
l-^J 
^ 'li- -T—r^ /in/irr 
The /\ -N mass difference is then qiven by 
5 - i^o^^U^ ::^ /y^N 
lf{rr r^. 
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The o depends on the strength of the hyperfine interaction 
and is substantially the N-/^-ma5B difference. Thus the mass 
separation between ^ and nucleon N which is of the order of 
300 Mev is hypothesised to be a manifestation of quantum 
chromodynamic hyperfine splitting. 
(3-C) £^ > Ny Electromagnetic transit! on 
The transition of 3/2 and 1/2 state takes place by 
interaction with either the Ml or E2 multipoles (the magnetic 
dipole or electric quadrupole repectively). It was noted by 
Becchi and Morpurgo C4] in the constituent quark model that 
the electric quadrupole transition E2 is forbidden in line 
with the data. This is essentially because the electric 
quadropole transition is proportional to the charge operator 
which can not cause transition between quark isospin 3/2 and 
1/2 states and hence the matrix element vanishes by 
orthogonality of the quarks wave functions . Further more the 
E2 transition matrix element involves the spherical harmonies 
^2 which can not cause transition between L =0 spatial wave 
functions, as proton and L\ Bre both L = O in the quark 
model. The magnetic dipole transition involves the quark 
magnetic moments and hence the spin-operator and this can 
lead to the transition between 1/2 to 3/2 state [5], The 
E2/M1 ratio thus vanishes in the constituent quark model. But 
from the analysis of the experimental data, this rate is 
S2 
E2/M1 = -0.013 + 0.005 [6] 
= -0.015 + 0.002 [73 
However subsequent introduction of effect of quark-quark 
tensor and spin-spin force on the radiative decay of Zi-
isobar [83 leads to a finite but rather very small E2/Mi 
ratio. In the abscence of the tensor force the nucleon and 
the isobar are both in the S-states and their can be no E2 
transition. Let us calculate, the E2/M1 ratio (EliR) in the 
radiative transition Z2i-i5obar by making use of halicity 
amplitudes [93. We start with current matrix element 
' ^ > 
where Uj,^( p) is the nucleon spinor, ^/\ ^^ ^^^ Rarita-
Schwinger spiner which describes the A-i sobar. Taking both 
the baryons on their mass shell, the Lorentz invariance and 
parity conservation for the current yeilds the form for the 
tensor [103 r 
-f ^^ Pv^ s- + ^3[^./^A'^^)-^ 6.YvJ X '<: 
•p; 
where q = p - p and D = p + p. The functions a ^^ are real 
and depend only on q - For excitation through real photon a^ 
2 M 
does not contribute since q = 0 and £.q = 0, 6 being the 
photon polarization vector. The form factors a^ ^^^ ^ *^"^  
related to the function G- of Pilkuhn [113 by 
9-
a^ ^ Oi. 
2^cH^-^ f^y 
a? 
using the explicit expressions for the spinors and keeping 
only lowest order terms P/l^ and P /M/v the current density 
in the non relativistic limit becomes [12] -^ '^ V 
(4) 
where 
^ = If^ [a ,C^^^M^)^ ^^ (M^-f M^ j_ ^ J (M^- Wy) 
-L ' a . J- ' 
Now the magnetic dipole and electric quadrupole form factor 
arB defined by ^^N U 
one finally obtains (see the Appendix A-I ) ,, r,] Ml 
X-
Where 
C^J 
^ 
W to 1 w 
The helicity amplitudes are defined as [13] 
((T^) 
, . . . «^^; 
9*^  
The relation between the multipole amplitudes and 
equivalently, the heliciyty amplitudes arise solely due to 
the resonance production N V > c^ 
Substituting eq.(5) in (6a) we get ^ 
This equation gives ' " 
f' nw 
A3/2 = - — ^ e^ (G^^ + GE2> 
2M 
Similarly the expression for A 1/2 is given by 
nw 
^1/2 = - ^-ZZ^^^^^^i -3^2 ) 
where W = M/\ - M, W is the energy of the photon. 
The ratio of the helicity amplitudes is given by 
Now the theoritical helicity amplitudes, for the transition 
Ml and E2 nucleon resonance for proton excitation are [14] 
A ^ /2 = ~ ^^^ 
^3/2= - i^ '^ -
95: 
The ratio between the helicity amplitudes is 1.73. 
This value yields an electric quadropole to magnetic dipole 
tranition ratio •for i \ > NV equal to 
EMR = - C^2''^l "^  --001 
The corresponding experimental values of helicity amplitudes 
ars given by [15] 
Ai/2 = - 141 i 5 
A3/2 = - 258 + 11 . 
These values given an EMR equal to 
EMR = - 0.013. 
The smallness of the EMR ratio is favoured by various 
anothers but with different values. Thus the ratio is 
comparable to the experimental data. 
9w 
(3-D) Purely electropartnetic excitation 
An approximate description of photo snd electro-
production of pions in particular energy regions is obtained 
by assuming that the process prceeds through the production 
and subsequent decay of /^-resonance. Treating this state as 
a particle of nearly zero width, one is naturally to consider 
the transition vertex VN > ^ which is purely 
electromagnetic transition. Now given a / \ complex of spin 
J = (4. + 1/2) and parity (-1) *'^  , there are six possible 
transitions to the Y-N system, which can be classified, for 
instance, according to the character of the photons (i,e., 
transverse or longitudinal) and the angular momentum. One 
has, for the complete process, magnetic transitions 
M^ j^ CLj. = 1, parity :- (-D^"*"^], electric E + j^  and longitudinal 
^1+ f^ - ~ 1 + 1> parity = (-1) Y 3 transitions. 
Correspondingly it is convienient to use for V N A vertex a 
form factor decomposition which describes physical, i.e., 
helicity or multipole transitions in a given reference frame, 
thus leading to diagonalised expressions for the cross 
section. 
Theoritically [16-18] this transition vertex is 
usally decomposed in terms of perturbatire covariants in 
analogy with the Dirc-Pauli decomposition of nucleon form 
factor. However experimental evidences [19] are more often 
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concerned with the determination of multipole amplitudes 
which are defined interms of helicity amplitudes or 
operationally from the cross section formulae. 
The transition vertex rN/\ shown in fig(l), can be 
written as [20] (d) 
Fig(l) "VN A vertex 
where UQCP ) is the Rarita-Schwinger spinor which describes 
the A and U{^ (p) is the nucleon Dirac Spinor, p,q and p* are 
the nucleon, photon and A""ioKienta for which the relations 
q = P - p holds 
Also 
_* P = 1/2 (p^  + p) 
The problem of defining a set of Lotrentz covariant and gauge 
invariant form factors may be approached in a variety of ways 
[21-23]. Let us follow the work of Bardeen and Tung [24] and 
Tarrach [25] in order to construct these invariants. A set of 
gauge invariant from factors which are free of kinematical 
singularities and constraints can be defined as [20] 
3S 
This set has an advantage that the leading q^  contribution 
to the scaler amplitudes comes from the third invariant 
only. 
Thus the gauge invariant form of the tensor r~I is 
Where the factors G-^ , G2 and G3 are functions of q and are 
free from any kinematical singularity and constraints. For 
the excitation through real photon only G-j^  = Q ^{0} and G2 = 
G2(0) play a role. In such a case G3 does not contribute 
since q^ = 0 and £.q = 0, £,^ being the photon polarization 
vector. 
The form factors G^ however do not describe the 
transitions between the physical states they obviously do not 
enter cross section formulae. For the experimental analysis 
it is desirable to use the form factor invariants which 
describne transitions. These would correspond to definite 
multipole or helicity transitions in a given reference 
frame. In terms of these multipole covariants becomes 
Where the magnetic electric, and coulomb covariants M^, E^  
and C^  are [20] 
Where 
9£ 
a = 3/2 .(m + M)/m . l/((in + M)^ - q^ j 
b = - 4a/((m - M)^ - q^ j 
M and m are the masses of ^ and N respectively. 
The relation between magnetic G^ ^ electric Gg and coulomb 
transition amplitudes and 
[26] 
G^  form factors G^ is given by 
G* = C [(D+2Q'*") Gl/M + DG2 + Zq^Gg] 
G* - C [D(Gj^ /M + G2) + 2q%3] 
G* = C C4M2(G3^/M + Gg) + 2DG33 
...(6) 
With 
C = m/3 (M+m) 
D = M^ - m^ + q2 
Q"*" = (M + m)2 - q2 (7) 
Thus the fN-A vertex is given by 
Where IP, is given by (4) 
Experimentally the / \ resonance is detected through its decay 
into UN so that the relevent quantities are multipole or 
helicity amp 
IOC 
litude [27] for-yW ---> Tl N mediated by A . (Cig-2) 
P' 
Fig 2: The A contribution to the resonant photo-reduction 
The nN/\ vertex is given by j. 
So that g* is related to the A width ( p ) by [20J 
r = (P'/rn) ((^ '-^  '^Vw) ( ^'^^S ®^ 
and from the experimental width ( p = 1X0 Mev) one has [28] 
gy'4n = 15 
The ffiultipole amplitudes then serve to give the cross-section 
for photo production, which for ^? > H p is 
Where f, g are the appropriate angular functions [28] i.e., 
f(0) = 1/2 (3 Cos^e + 1) 
g(0) = 9/2 Sin^e 
In equation (9) we have written 
JMrCS-M^ +iMr| ^  = Sin^ 
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For a pure magnetic dipole the cross section becomes 
There are two methods, i.e., peak method and area method, 
which have been used in extracting Gj^  from the experimental 
cross section. 
In the peak method the peak cross section, with 
S =11/2, is 
(dcr/d^)res = f Q^ P . \ |G*U)2 {b-3Qos^B) 
^ ' (10) 
This formulation permits an evaluation of the static <q =0) 
transition moments G (0), G*(0), or equivalently 
Gl.2<0) = Gi,2 
The ratio 
Siv'^l+ - " ^ E^^M 
is determined from the angular distribution, eq. (9), while 
in the area method,IG^ I is determined by the integrated form 
of eq. (10) with thejC^p term included 
Ores = <4^ <^^^^ v?){\G^\^ +3|GE|2) 
Different authors took different values for the Ej^ /^Mj^ ^ ratio 
for different values of "^ gg • These values are shown in the 
table (1) 
10/ 
lABLEi 
El/Ml Oreg.(ub) 
Gourdin and Saline [16] -0.045 230 
Mathews [17] 0 269 
Dalitz & Sutherland [29] -0.01 260 
Walker [30] -0.046 240 
The uncertainty as to what value should be used for 
the width p* made it to quote definite numbers for G^ and 
Gg. 
With (~~ = 110 Mev. the values for G* AND G^ by Dalitz 
and Sutherland [29] at 
q^ = 0 are 
GJ(0) = 2.97 
Q^ <0) =0.03 
which leads to 
It 
= .01 
From Walker's [30] analysis 
it 
Gj^(O) = 2 .74 
G ' ^ ( 0 ) = 0 .12 
it * 
thus giving the Gg/Gj^ ratio equal to .04 
Also from the phenomenological analysis [26] one gets at 
Gg/G^ = .02, GQ/G^ = .02 
10 
This indicates that magnetic transition is dominant. As for 
the intensity of the latter, there are different 
determinations [31] according to which (J*^ j^ (0) ranges between 
2.74 and 3.0. Devenish and Korner [26] show that the q^  
dependence of magnitic amplitude is such that it falls down 
faster than dipole fit of proton charge form factor while for 
the coulomb and electric parts the information is not much 
clear. 
10< 
(3-E^ PURELY WKAK EXCITATIQB 
The weak transitions between a nucleon and its 
excitations are obtained in the description of the neutrino 
production processes. An identical process responsible for 
the weak transition N > /V"^ "^  is of the form C32] 
V p — - M-A^^ 
The structure of the matrix element of the axial vector 
current between a nucleon and / \ is analogous to the vector 
transition case (of course taking into account the opposite 
parity character). With the additional contribution due to 
the psedoscalar component of the axial current; it's presence 
is a consequence of the fact that ^ '"^ Aj ^ ^ i" general not 
vanishing. In otherwords besides transverse and longitudinal 
transitions there will be now a scaler multipole related to 
<A I d^J^u I ^>- li^  particular, for the N > A 
transition, the meaningful quantities are the multipoles 
[33], However we will follow a different procedure other than 
that of the multipole decomposition. According to the 
current-current hypothesis for weak semiteptonic 
interactions, the invariant reaction amplitude for the 
process (fig.3) 
V + P > ;;- + A'"' (^.j 
has the form 
G 
H = < A^-" |Julp> \ ^<i+Yy)"v ( i ; 
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We denote by Kj^(W^), Pj^(Ep, K2(Vl2^  "^"^  P2^^2^ ^^ ® fourmenta 
(energy) of the neutrino, nucleon of mass M j^. muon of mass m 
and A, of mass M2 respectively. The invariants 'S' and 't 
are defined by the equations 
u 
S = - (Pi + K^)' 2 _ <P^  K2) 
t = - (P2 - Pi) = - (% -Kg)^ = - q2 
(3) 
where q is the momentum transfer. The spin 3/2 - isobar is 
described by a spinor-vectorial field ^^i? 2^ ^" ^^^ Rarita -
Schwinger formalism [34] with the subsidiary condition 
employed to project out the spin -1/2 components. 
The dynamics of the ^ productiuon process (1) is all 
contained in the H-^ vertex which can be described in terms 
of eight form factors under the assumption of a local V-A 
lepton current. This transition vertex has the form [35] 
10c 
The form factors are functions only of momentum t and are all 
real. The vector and axial vector current have the form 
The appearance of Y5 in V^ is due to the positive parity of 
A. 
The invariant cross section is given by [36] 
d cr 1 T 
....(5) 
dt 2 n (S-mj^ )"^  
where 
T = Ml M2 rry, Wi £_ |Mf2 (6j 
and summation over V, P, /\ and u spins are implied. In order 
to carry out the spin summations, it is convenient to sum 
forst over the V, P, and u spins and write 
Where 1^^ is the Leptonic tensor which is given by 
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- • -* 
and 
M^^ = 1/2G2 <^\J^\B></^\J^\P>* 
Here the adjoint matrix element is found to be 
cs^-^irjpf^ u/F>)f- i^^a'^ ^-'V)-
•A" I'M^Ca'''^ F"')/i^,-,M^)- F'fCh-t^)A^' 
The summation over the /\ states may be carried out with the 
help of the spin - 3/2 projection operator 
After spin sums are performed it is apparant that T can be 
expressed in the following form 
T = 4/3 G^ ^ R^(t)Xi(s,t) 
where 
^1 = <P2-»^2><Pl-Ki) + (P2-^ <l)(Pl-l^ 2> 
Xg = (P2-1^2><Pl-^l> - (P2-^l><Pl-^2> 
X3 = (P2-l<'2><P2-'^ l) 
X4 = (Pi.l{2>(Pl-^l> 
X5 = MiM2(l^i.k'2) 
10F 
The R^(t) (See Appendix A-II) are functions only of t where 
the X j, are also expressed explicitly in terms of S and t. It 
is clear from the above grouping of terms that undert the 
interchange of l^^ , k^  , X2 ^^ antisymmetric; hence only .f^Ct) 
contains V-A interference terms which are generated by 
Myjj.L^ j^j.. The doubly induced form factor F3^' ^  and F4^' ^ 
however do not contribute to f^  because of energy momentum 
conservation and presence of the antisymmetric tensor in 
L^^^' For the small four-momentum transfer, the invariant 
differential cross section depends only on the normalization 
of form factors at t = 0. In the limit t > 0 it takes 
Terms involving [ljjj/(M-j^ +M2 )]'^  have been dropped; hence F^ "' ^ 
does not appear in the above equation since their co-
efficients are proportional to the lepton mass. For the 
limiting differential cross section the direct axial-vector 
term JF'^p appears to be the most effective one. The next 
leading contribution results from the interference of F^ and 
F3 with F" at least at low momentum transfer. 
loe 
The study of t dependence for eight N > A 
transition form factors reveals that the high energy 
behaviour of the total cross section depends critically on 
the functional dependence of Fj^(t). 
To calculate the total cross section the following 
conventional t dependence are considered 
F 7 ' ^t) = F^'^-q^) = [F,^'^0)]/[l-(t/b)"3 ... (10) 
Where n = 0, 1, and 2. For n =0 the form factors are 
^.structureless. This case results in a highly divergent cross 
section arising from each of the form factors. This is 
clearly unacceptable. For n=l the form factors have a simple 
pole dependence, direct form factors F, '^  are weakly 
divergent while the others diverge more strongly with a small 
damping effect at large momentum transfer; this behaviour is 
barely acceptable for the direct factors but still 
unacceptable for other contributions. For n=2 the form 
factors are analogous to the emperical one appearing in 
.elastic electron scaterring from nucleons [37]. This type of 
dependence yields an acceptable asymptotic cross section for 
. all formfactors provided F^ and F^ are slightly modified. 
From figs. (4 ^j!) it is evident that the relative 
contributions fall into several groups with f^^ giving the 
leading one end in this sense being the most effective. 
l ie 
The estimated invariant differential cross section, 
supplied by Block et al. [38] at low momentum transfer is 
given by 
._ = (0.5 + 0.2) * 10'*^ ^ cit?/(Bev/c)2 per nucleon 
dq^ ./I; 
averaged over the momentum range 0 < q < 0.2 (Bev/e)^ snd 
energy range 1.0 < E^ < 3.0 Bev. The information provided by 
the differential cross section measurement at low momentum 
n 
transfer is valuable, since it is independent of the q 
structure of the individual form factors and depends only on 
their their normalisation. The direct axial vector form 
factor Y '^ by itself is able to accomodate the experimental 
range quoted in eq. (11), with normalization near unity, 
unlike, the other seven form factors. Moreover, Fj yields a 
rapidly rising total cross section above threshold which is 
characteristic of the experimental histogram in fig. (6). 
These results suggest that simplest weak A transition 
mechanism is through Fj alone. 
Ill 
<NI 
CD 
<NI E 
o 
CD 
CO 
o 
c 
o 
TO 
• o 
E^= 2BeV 
<-i 0.05U 
F i g . ^ 
q2 in (BeV/c) 
O.A 
1 U 
tsi 
00 
I 
£ 
o 
c 
b 
0.2 
^ ^ ^ ^ - F A 
F^  ^ F2 9 F2 f F-
2 3 4 5 
Ev( lab) ih BeV 
Fig.5 
A 
8 
1 U 
1.2 
c 
o 
^ l O f 
3 
C 
Q. 
E 
u 
CO 
'o 
c 
b 
0.8 
0-6 
OA 
0-2 
0 
0 
Fi 
1 2 3 A 
E>^(lab) in BeV 
g. G' 
11 
1. Isgur, N. 
Phy. Rev. 2111 (1980) 797. 
2. Rujeela, De., Georgi, A.H. and Glashow S.L. 
Phy. Rev.DJL2. (1975) 
3. Isgur N. and Karl, G. 
Phy. Rev.mSL (1978) 4187 
4. Becchi C , and Marpurgo G. 
Phy. Lett. H (1965) 352. 
5. Dalitz, R. H., and Sutherland D. 
Phy. Rev. 148 (1966) 1180. 
6. Revs, of particle properties 
Phy. Lett.lZm (1986). 
7. Davidson, R., Nukopadhyay, N. and Wittman, R and 
Phy. Rev. Lett. ^  (1986) 804. 
8. Jishnu Dey and Mira Dey. 
Phy. Rev. Lett. 138B (1984) 200. 
9. Jacob, M. and Wick, G.C. 
Ann. Phy. I (1959) 404. 
10. Devenish, R. C. and Eisenschitz, T. S. 
Rhy. Rev. HD. (1976) 3063. 
11. See for example, Pilkuhun, H. 
The interaction of hadrons.North- Holland Amsterdam 1967 
l U 
12. Weber, H.J.and Archovel. H. 
Phy. Rep. 2SC (1978) 277. 
13. Copley, L. A., Karl, G. and Obrky, E 
Hucl. Phys. 12B. (1969) 303. 
14. Koniuk, R. and Isgur, N. 
Phys. Rev. 21LL 1980 1868. 
15. Aguilar, M. et al. 
Phys. Lett. 17QB (1986) 40. 
16. Gourdin, M. and Salim, P. H. 
Nuovno Cimento. 22 (1963) 63. 
17. Mathews, J. 
Phy. Rev. 121 (1965) 444. 
18. Dufner, A. J. and Rsai, Y. S. 
Phy. Lett. I M (1968) 1801. 
19. Ash, W. W. et al. 
Phys.Lett. 2 M (1967) 165. 
20. Jones, H, F. and Scadron,M. D. 
Annl. Pyh. Si (1973) 1. 
21. Trueman, T. L. 
Phy. Rev. 1S2 (1969) 1469. 
22. Theis, W. R. and Hartel, P. 
«uovo Cimento ££ (1970) 152. 
23. Close, F. E. and Cottinghen, W. E> 
Nucl. Phys. aSB. (1975) 61. 
24. B a r d e e n , W. A. and Tung, Wu- K. 
Phy. Rev. 123. ( 1 9 6 8 ) 1 4 2 3 . 
25. Tarrach, R. 
Huovo Cimento 2SA (1975) 409. 
26. Devenish, R. C. E. , Eisenchrits, T. S. and Korner,J.G. 
Phy. Rev. MD. (1976) 3063. 
27. Jones, H. F. 
•Nuovo Cimento 4il (1965) 1018. 
28. Nagels, M. H. et al. 
Nucl. Phys. lOm. (1976) 1. 
29. Dalitz, R. H. and Sutherland, D. G. 
Phy. Rev. HO. (1966) 1180. 
30. Walker, R. L. 
Phy. Rev. iS2. (1969) 1729. 
31. Jones, H. F. and Scadron, M. D. 
Ann. Phys. 02. (1975) 221. 
32. Philip, A. S. and Frank, V. H. 
Nucl. Phys. 5 M (1973) 333. 
33. Adler, S. L. 
Ann. Phys. ^  (1968) 189. 
34. Rarita, W. and Schowinger, J. 
Phys. Rev. £11 (1940) 61. 
35. Albright, C. H. and Liu, L. S. 
Phy. Rev. lAQh. (1965) 748. 
1 \ 1 
36. See, e.g. Hagedorn, R. 
Relativistic Kinematics, W.A. Benjamin, INC. (1964)New 
York .Chap. 5, Page 36. 
37. Hofstadter, R. et al. 
Rev. Mod. Phys.2II (19580 482. 
38. Block et al. 
Phys. Lett. 12 (1964) 281. 
l U 
CHAPTER 4 
(4-A^ IHTRQDUCTIQH 
A s IN NUCLEI 
1U 
In the traditional nucleon-only picture of the 
nuclues, the nuclues is considered as an ensemble of bound 
particles, i.e., protons and neutrons. The internal nuclear 
dynamics is determined by the only nucleonic degrees of 
freedom. The feild mediating the strong interaction as 
introduced by Yukawa is considered effectively only in 
replacing it by a NN-potentials. Therefore, the meson degrees 
of freedom associated with the feild and the corresponding 
dynamics are not treated explicitly. However, after some time 
it became quite evident that all the physical effects of the 
hadronic feild are not fully simulated by the replacement of 
the hadronic feild by an effective potential because of the 
reason that the hadronic feild of nuclear theory, is charged 
and, therefore, is subject to electromagnetic interactions 
leading to the presence of mesonic exchange currents. The 
concept of inert particles has a limited value and in certain 
processes isobar degree of freedom, which are dominated by / \ 
degree of freedom,should be considered.. Thus a new picture 
of the nuclues emerged in which nucleons are considered to 
have internal degrees of freedom effectively desribed, e.g., 
in allowing virtually excited isobars to be present in the 
nuclues, the so called isobar configuration (IC). The meson 
12C 
degrees of freedom are still treated through effective 
operators, e.g., meson exchange current (MEC) operators. This 
was the first step to introduce the sub-nuclear degrees of 
freedom in nuclear theory. When speaking of £\ in nuclei, it 
is convenient to distinguish between virtual (or internal) 
A's which are faroff mass shell and real (or external) /\'s 
which are essentially on mass shell except for small nuclear 
binding effects and consequently manifest themselves in terms 
of resonance-like phenomena. The real ^ can be produced at 
the appropriate energy , by a vareity of mechanisms such as 
meson scattering or more general hadron-nucleus collisions. 
In contrast, the internal (or virtual) ^  pre-exists in the 
nuclues, in the nuclear ground state or in low excited 
nuclear states., and does not depend upon the incident 
particle in a specific nuclear reaction. This feature , is 
particularly relevant for spectator production experiments 
which attempt to observe virtual A's so that one must 
verify the independence of the measured /li^ -distribution from 
the kinematics and the properties of the incident particle. 
In the first part of this chapter we will be 
discussing the experimental evidence for real and virtual /\^s 
in the nuclei. The second part gives the theoritical 
121 
description for the existence of ^ s in nuclei. In second 
part we have discussed the nuclaer process like d(y, 1-1)^ , 
p, which give the 
evidence of MEC and IC in nuclei. 
d(e, e K)N and 1L + d > ;u + p + 
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(4-B^ Experinenhal evidence of real and virtual A s in nuclei 
L&l %e(Y. PII > cross section around AC1236) 
The direct evidence for real / \ to be in the 
nucleus comes from various experiments such as pion-nucleon 
scaterring, hardon-nucleus collisions and other photo and 
electro production process. P.E Argan et al [1] performed s 
photo production experiment %e(V, Pn ~) in order to 
understand how pion photoproduction on a quasi free nucleon 
in ^He is affected by the proximaty of other nucleons near 
the A(1236) region. The central idea of this experiment wgs 
to compare the cross section of the reaction. 
Y + ^e > P + n " + (ppn> 
for a given recoil momentum of the residential <ppn) 
nucleus, to the elementry one V+n --> p + TV because in 
these reactions two emitted products are easily detected. By 
measuring the pion and proton four momenta in two magnetic 
spectrometers. When proton, the pion and the photon lie in 
the same plane, the invariant mass Q of the proton-pair and 
the recoil momentumP j^  of the residual nucleus was determined. 
At low values of the recoil momentum the experimental points 
are well fitted by the theoritical cross sectio thus 
confirming the impulse approximation, on the other hand for 
P{^  = 200 Mev/c the theoritical cross section is not able to 
reproduce the experimental results. An anamoly is observed 
12c 
for high values of this momentum. This anamaly was attributed 
to a resonant process with two or more nucleons or even tlie 
whole nucleons. The simplest process of this kind involves a 
A(1236) and a nucleon. In this case the invariant mass Qf^NII 
charaterizes the resonant system. Fig (1) shows the 
differential cross section for the He (V, PTTT ) reactions. 
(b) Spectator Isobar Production 
Most direct evidence for an IC in the nuclear 
ground state. for example, the double-^ component of the 
deuteron, has been sought in the so called spectator isobar 
production, where an incident particle of high momentum 
shakes loose a spectator /^ while interacting with the 
residual nucleus. When the spectator Z\ recoils in the 
backward direction in the Laboratory system it is most likely 
to have been made in the reaction . The first spectator 
experiment has been performed on a 101 Gev/c n ~ beam at the 
Saturn accelerator in the Saclay [2] to measure the cross 
section for the emission of forward protons in the break up 
reaction n~d > P + X. The investigation was prompted by a 
suggestion by Nath, Weber and Kabir C3], that the forward 
protons in this reaction may originate mostly ion the one-
step process 
n~ iCi'^"*'(A~ ) — > PCA") (A) 
12^ 
which can proceed when both constituentB of the deuteron are 
excited to /\(1236)-resonance with spin and isospin 3/2. 
This reaction can also be viewed as a double charge exchange 
reaction which sensitively depend upon the existence of a 
A"*^ * in the deuteron. Here A is the spectator 
recoiling backword in the lab. In other words, the L\ 
spectator signal of reaction n ~ d > P^iT results from a 
A exchange mechanism in conjunction with a quasi two body 
final state . This allows one to take a forward moving proton 
of appropriate momentum as signature of the reaction instead 
of the backward A ~ spectator. 
The observed differential cross section for 
forward produced protons are systematically larger than the 
hydrogen data as shown in fig (2). There is a decrease in 
the proton distributions with increasing proton angles for 
deuterium target contrary to the proton distributions from 
the hydrogen target. This different behaviour of the slope at 
0° constitutes the strong piece of evidence for the (^ ZlS) 
IC in deuteron. From these data an upper limit of 0.4'/- (/^A) 
probability has been extracted. 
12^ 
B. M. Abramov et, al [4] studied the same reaction 
for n ~ beam momenta of 1.03, 1.25, 1.48 and 1.68 Gev/e. 
Forward protons close to 0° were measured and only events 
with a missing mass were considered in the analysis. The 
measured cross section at 1.03 Gev/c could be explained by a 
2'/. i/^^) probability. In another spectator experiment, where 
the recoiling spectator particle itself is issued as signal, 
M.Goldhabor C53 looked into the quasi-elastic scattering of 
incident FI and K mesons off virtual /^~ constituent of the 
deuteron double /^-component at 15 and 12 Gev/e beam momentum 
respectively. A significant number of /^ ^^ emmited backward 
in the laboratory were seen, fig(3). Since this seems 
unlikely for a /^ created in the reaction by a bombarding 
projectile of high energy, such events may indeed qualify as 
spectstor candidates. 
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(4-C) Theoritical description 
Electromagnetic reactions with light nuclei, i.e., 
deuteron and three-body systems, have a leading role in the 
investigations where the subnuclear degrees of freedom 
manifest themselves in terms of effective two-body operators. 
The clear evidence of isobaric degree of freedom has been 
found in the well known examples like photo and electric-
disintegration of deuterm near threshhold, charge and 
magnetic form factors of three body nuclei, H and He [6,7] 
Conventional nuclear theory fails badly to reproduce the 
experimental data in such processes. The inclusion of meson-
exchange currents and ^ degree of freedom describe the 
experimental data satisfactorily, at least at low and medium 
momentum transfer. In order to see how ^ manifest itself as 
a subnuclear degree of freedom, we will consider, in the 
present section it's role in the nuclear medium togtherwith 
the possible changes of Zi properties in a nuclear medium. 
Next we will discuss how the /^ degree of freedom manifests 
itself in the d (V^, M~p)p, d(e, e^N)N and d (If, N)N in the A -
region. 
(a) Role of Isobar in nuclei 
Quantum chromodynamicB is presently beleived to be 
the best tool for studing the strong interactions and has 
been successful in the asymptotic region of high-energy 
physics. The nucler dynamics is based on QCD with quarks and 
gluons interacting via a gauge feild. However a complete 
treatment of interacting quarks and gluons is hard even for a 
simple system like a nucleon. Thus a quark-gluon model 
appears difficult in order to calculate properties of a 
nuclear many body system. Nuclear dynamics can also be 
discussed within the framework of the classical treatment of 
strong interactions where, in addition to nucleons, there are 
isobars and mesons also. The potential between two nucleons 
as mediated by mesons is short ranged with a strong repulsion 
at short distance so that the two nucleons are inhibited from 
staying close together. 
The mesons mediate the interaction between the 
baryons at short distances. However the force at larger^' 
distance is primarily given by one pion exchange potential 
(OPEP). These features are reproduced both by phenomeno 
logical as well as meson exchange potentials. The ground 
state properties of nuclear matter and of deuteron can be 
explained well by these models. The study of excitation 
V3C 
modes of a nuclear many body system provides a useful 
information about the constituents and structure of nuclear 
system. Such a study presents three independent categories 
of contributions. 
(i) Configuration mixing, 
(ii) Meson-exchange currents. 
(iii) Internal structure of nucleons i.e., isobars. 
Qualitatively it is clear that due to the presence 
of short range corrrelations, the liEC can be calculated 
reliably if pion effects dominate. 
The presence of ^ isobar plays an important role in bound 
twD-nucleon sysyem (NN)|^, the deuteron ground state, and in 
NN scattering in the fundamental level of nuclear physics. 
The non-relativistic calculations [8] show that the deuteron 
ground state includes a number of isobar configurations i.e., 
N A . ( 1 2 3 2 ) N N ( 1 4 7 0 ) , A ( 1 2 3 2 ) A ( 1 2 3 2 ) , A ( 1 2 3 2 ) N ( 1 4 7 0 ) 
N A ( 1 6 7 0 ) . These calculations vary from one isobar 
configuration to other, and also change with the transition 
potential and method of computation. The different 
computation methods include 
(i) Perturbation treatment choosing a specific form of 
isobar wave functions [9, 10]. Since this method depends 
sensitively on the chosen form of isobar wave function it 
gives crude estimates at best. 
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(ii) The impulse approximation method considers the total 
nuclaer wave function which includes normal nucleon component 
and isobar configuration. This approximation yeilds rather 
good results when compared with the coupled channel 
calculations that include exchange interactions. 
(iii) Coupled channel calculations. Here one solves a set of 
coupled equations for a limited number of isobar 
configuration channels. In this method one has to modify the 
N-N potential in order to account for the additional 
contribution to the potential due to presence of isobar. The 
modified transition potential gives probability 0.3 to i 
percent for (Z^^) configuration. For example the 
contribution of Z ^ ^ (double delta) IC to the static moment 
of the deuterm is given by [12, 13] 
J4, = A^ -^ - . ;u$>^ 
One obtains an enhancement of the deuterm magnetic moment of 
about 3"/. [14, 15, 16] while MEC play a minor role [15]. 
If the t^ is placed into a nuclear medium it will have 
different contribution to self energy. One form the decay 
channel ( O N ) which gets modified inside the nuclear matter 
and other from the interaction of O N channels with 
surrounding nucleons. These two effects lead to a shift of 
the resonance energy (mass shift) and to the reduction of the 
width of L\. However the properties of nuclear matter ArG 
1 3^ 
not strongly effected. This behaviour of A in a nuclear 
matter is depicted pictorially in Fig 4. 
A 
tfi ttttif tJt^ \ 
Fig- 4 The /Jk propagator in a nuclear medium, 
"t : > : 
(b) Nuclear isobar configuration in weak interactions 
The neutrino reaction on deuteron, i.e,, 
V + d > A" + P + P 
provides a direct evidence of the existence of meson exchange 
currents and the isobar configurations. Besides this, the 
above process provides a direct method to determine the weak 
form factors of the nucleon. 
The axial vector form factor g^^^  (cf^  ) is generally parametrized 
in a dipole form i,e,. 
g^(cr^) = g^(0)/(i+q2/t«? )^ ...(1) 
where M^ is the dipole mass which is determined from the 
2 
experimental q dependence of differential cross section 
dcr/dq^. 
In order to determine the axial vector form factor 
g^(q ) from neutrino deuteron scattering the observed cross 
section is compared with that obtained from free neutron 
multiplied by a factor R(q-^). This factor is defined as 
Ci7, 20] 
R(q2) =£^( V;/t3^—»iU>/9/^ (i%r> ..^ j7f>) ,2.) 
The factor R(q ) contains the effects of D states, liEC and IC 
[21] using relativistic wave functions for the deuteron. The 
Hamilltonian describing the nuclear semi leptance process 
(fig. 5) 
\[+d=/J» + P + P I Of 
15 
H = 
c-s^UKj^C^^l/^^ •cV 
J..(x) 
P'^ (S) 
is the nuclear transition operator, and C.,(x) is th 
•AS-
Lepton current operator, which is given by 
The momentum transfer is given q = k - Ic where k and k are 
"(4 
momenta of the incoming neutrino and out going muon 
repectively. The hadron current operates is given 
(S-j 
-^-> = <^l:^(^j/y^> 
Ipd and Iji. Where Uy^ j are the initial deutron and final dinucleon 
states respectively. In one body contribution the transition 
current operator J (x) is given by the sum of individual one 
body nucleon currents i.e., 
(•(>) 
Where J^ ^ (i) is the current operator for the ith nucleon. The 
form of this current is given by [22] 
1 -^  
Where f ^, F 2> F p^  and F are the standard weak interaction 
•form factors of the nucleon. 
Now we have from eq.7 
To get non-relativistic expression for current, we have from 
eq.7 ^ / / \ / 
' ^ _ - ? 
f^^ fy^^CT .^ •? t ] ^ . - ^s); 
^ w. 
Similarly 
4-
ip /p f-?^ ) ^ . • f f J r? • • * t < (^; 
These equations can be further simplified by assuming that 
the entire momentum is transferee} to the interacting nucleon 
i.e. t' .="?>.. .-^ q. The matrix element is now written as 
M^^ = (-G Cos'e J^4^)//2 
C/q) 
The differential cross section for the process 
Vj + d > /^ +.p + p is given by 
with lepton tensor given by 
Where J^ (i) is given by (8) and (9). 
The wave function for the deuteron has the form 
S , . - I 
1Z7 
The expression obtained for the cross section in the static 
limit (Pi > 0) is 
^j 
...iv 
/ ^ -^; 
and 
0 X _ . ^ .X 
Also the differential cross section for Nj^  +• n — > /i + P is 
given by C233. 
QfJ Iz'^ L jij 
The value of R(q ) can be calculated from equations (10) and 
(11) . 
In general the hadronic current will have contributions from 
all nuclear" constituents, i.e., nucleons, isobars and mesons. 
Considering the effect of the two body exchange current J^ ^ 
the total hadronic current J ^j( x) is then written as 
where J^*^(x) contains the contribution from mesons and 
isobars (fig. h). Thus in addition to the nucleon currents, 
effects due to MEC and IC will also enter into cross 
section. The matrix element has the form 
M,^= -(G Cose ^Ji^/p 
with /X -^ O -«' j,-|7;.'./^-^-.7;'(f.>r;-n; v 
7(V 
. / 
p> 
¥\ 1 • 
iPk> 
/k 
ri 
/>» 
^) 
K 
VVW' 
i.^) 
f,f.,^ 
n rr 
(h» 
+ W W 
('>> 
3^ 
The leading contribution to the exchange current comes from 
the isobar excitation (fig 5a) with respect to axial vector 
current. Again the differential cross section is calculated 
with the current transition operator of equation (12), 
instead of equation (h). Then the ratio R(q^) is calculated 
with exchange contribution . 
2 Fig.(7) shows [21] the ratio R(q ) with out exchange 
I 
contributions using Paris potential. The presence of D state 
decreases the cross section of Vd — > ppp~ and this effect 
is appreciable even at small momentum transfers. A decrease 
of 5-B*/. in R(q ) is expected to effect the determination of 
dipole mass by about 0.05 Mev [24] 
Fig (8) shows the ratio R(q ) as a function of q^ with 
exchange contributions using the Paris potential. The 
exchange current effect is appreciable even at low q and 
amounts to 5-15 */.. The value of R(cr ) calculated with D state 
and exchange current effects is higher than the earlier 
estimates of R(q ) [17]. R(q-^) increases more at lower q-^  
2 
than mors at higher q , 
HC 
R(q') 
0.9\ 
0.7 
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(c) Deuteron electrodisinteqration 
The description of electrodisintegration of 
deuteron near threshold provides a richer information about 
the ^-resonance (1232 Mev) component in the nuclear wave 
function and the contribution of the meson exchange currents. 
The kinematical quantities for d(e, e N)N are represented in 
fig (9). They are calculated in the laboratory frame in order 
to compare them directly to the experimental results. 
I ^ . S) 
(p,-'>i.-) 
Fig (9) 
The differential cross section is written generally as [25,26] 
o^'-Ht M £ f i : i/t,-/:. c./fl/ r 
-V \ci\\'^^^n-)y^j,^'''^^)'fi''^'^^^. 
14v 
In this expression P is the proton-neutron relative momentum 
A A 
in the final state and M is the nucler mass. J and P are the 
current and charge operators Jj(qx) are the Bessel functions 
and 
M 
Y • are the spherical harmonics. 
Also from the energy-momentum conservation 
^ = ^ ^ "^c.m ^ Pf 
K. = K^  + P^  
= 4Kj_ K^  Sin-^8 
2 .-
where q is the squared four-momentum transfer, E ^ Q i; 
relative energy of the np system 
the 
Enp = ^^^ 
Neglecting the electron mass we get -^ 
For the transition to $ ^ t e only the magnetic multipole 
corresponding to J = 1 contributes and thus we have 
where 
e 
M* 
The one body magnetic current is given by [27] 
-e J: -> ^  
J(x) = £. V(nUi(x-r.) 
2M I'r, * 
I 
Thus the one-body matrix element for the d-S ^  transition is 
where UL and W are the % j^  and % j^  radial wave functions of 
the deuteron which are normalized to unity, i.e.. 
(U^ + W^) dr =1 
I 
and TJIQ is the radial wave function of SQnp state and ^L^t) 
is the electromagnetic form factor which is parametrized in a 
dipole form 
G^Xt) = Gy^ (0)/(1 + tAnl)^ , with MM 
m^  r 18.23 fm"2 
Fig (10) shows the results from the transition cl S^  
(dashedline). The interesting feature of the cross section is 
that the difference between the one-body estimate (impulse 
approximation) and the data is at least as large as the one-
body result itself. The effect of the transition to other 
final states like P, D, "^  i + "iD j^  do not change 
qualitatively the one-body picture because in presence of 
Mt 
10-
I I I I I ' ' ' ' I ' ' ' I I I ' ' ' I ' ' ' M ' ' ' ' 
1 I I I I I I I I I I I I I I ' I I I I I I 1 I I I I I I r 
10 15 20 25 30 
t (rm-2) 
35 
^'t lO'Diffcrential cross section for E„p= 1.5 MeV. Dash-<lot line: impulse approximation (lA); short 
<*3shed line: lA plus w- and p-exchange current for point nucleons; solid line: same as before but for a 
nucleon rms radius of 0.48 fm; long dashed line: same as before but lor a nucleon rms radius of 0.7 fm. 
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these effects the cross section still remains a factor of ten 
small than the data. However the interacting processes such 
as meson exchange currents contribute for 10"/. discrepency 
between the one-body current [28] and the experimental data 
C293. The isobar contribution enters in the d(e, e N)N in the 
form of isobar component in the wavefunction. Such a 
contribution is studied mainly by transition potential 
methods with fl- and f-exchange. When one includes exchange 
currents as well as the isobar configuration it is important 
to evaluate to which order the explicit diagrams are 
calculated. For that one can look at the number of the lines 
of mesons which are exchanged between the nucleons in order 
to generate the isobar contribution. 
The first order diagram fig (11) generated by the 
N ^ contribution in the S Q wave function is analogous to a 
one body contribution [30] 
..A 
(^) N 
Fig.(11) 
14/ 
Second order diagrams (Fig.12) correspond to the 
component in either np-final state or the deuteron and to the 
N A component in np-state. The former correponds to the 
transition 
A A > N A or A A > A A with one body operator 
(V/s 
/I 
AlV 
+ V W t W V L 
r /^, 
vnt>; 
N 
id) 
F i g . (12) 
/ . /v 
Fig (13) shows the differential cross section (solid line) 
with the inclusion of MEC and IC effects. The contribution of 
the isobar is dominant upto cr = 6fm~ . Here only first order 
diagrams have been considered as these represent the exact 
interaction processes. The agreement between the theory and 
the experiment C31] is impressive when interaction effects 
are taken into account. 
14f 
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(d) Deuteron photoclisinteqration 
In the region of ^ excitation the NN system is 
coupled to N A channels or isobars configurations with a real 
A. In order to describe these additional isobar channels 
different approaches have been used. The simplest is the so -
called impulse approximation(1A), in which the N A 
configuration is generated by a single interaction from NN 
channels [32]. At low energies A -effects can be discribed 
quite reliably by calculting N A and A A configurations in 
the impulse approximation. Out this appf ux i ma Li on i •^. not 
worthy of trust at energies corresponding to real /\ 
excitation because of the strong interaction of /S with other 
nucleons.In such a case a coupled channel approach (CC) 
[33,34],where a set of coupled equations is solved between 
the NN and isobar configuration channels,e.g.,NN,N/\ and 
AzlAjSeems to be more realiable. Two different potential 
models were considered. The first one, coupled channel Reid 
soft core (CC (RSC,A))) consists of regularized II and 
exchange.The regularization parameter is A - The second model 
is that of Argonne potential V2gC35] where /\ degree of 
freedom is introduced. 
For the calculation of photodisintegration of deuteron 
Fabian and Arenhovel [36] considered as electromagnetic 
15C 
currents a normal (N), a meson exchange current (MEC) and in 
isobar part (IC). For IC part they distinguished between 
three contributions : one and two body currents with 
denoted by /^-IC and /^-MEC respectively and the current that 
also involves N Z A configurations. 
Fig. (14) shows that total cross section from Ey. = 150 
upto 500 Mev for various models. A little differenc among the 
three CC versions is noted. A weak maximum at about 270 liev 
is shown by all.However one finds a larger dependence on the 
various potential models for the energies below the position 
of maximum. 
On the other hand the lA is very different almost in 
the whole energy region considered here. The cross section is 
much larger than for the CC beyond the maximum.Part of this 
overestimation is probably due to the neglect of the 
imaginary part of /^ propagator in the lA. 
Fig.(15) shows for CC (RSC,5) the relative contribution 
of normal current, IC and MEC to the total cross section. IC 
contribute strongly increasing the cross section by more than 
factor of two in the maximum of A-resonance. 
Fig.(16) shows a comparision with experimental data. In 
the resonance region the hight of the peak varies between 50 
to 75 /Jb, thus the experimental situation is not satisfying. 
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The experimental position of the maxiirmm agrees quite well 
with CC. The model cc (RSC,5) reproduces the maximum hight of 
Bonn experiment[37] even though one notes a somewhat 
different shape below the maximum. Also Fig.(16) shows the 
result of Laget [38].One readily notes a considerable shift 
of the position the maximum towards higher energies 
corresponding to the free /^^-resonance. 
Fig.(17) shows the differential cross sction at 260 Mev 
near the maximum of the total cross section together with the 
separate contribution from normal MEC and IC parts. The 
addition of IC configuration leads to the general increase 
and a change of the shape. 
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(e^ Isobar Confitfurations inclosed shell nuclei 
Explicit calculations for one and two /\-isobar 
configuration in the closed shell nuclei have been done 
mainly for deuteron and oxygen [39] and less extensively for 
^H and ^He[40] in the impulse approximation. Conventional 
transition potentials with 11 and p exchange have been used. 
For the deuteron the dominent isobar configuration are found 
to be one and two-^ components and originate from the two 
nucleon pairs in the relative S-state. The probability of 
finding a nucleon as a A-isobar is about 4.5 % in '*He and 
about 3.2% in ^^0. In "^ H and "^ He the largest isobar 
configuration is the A2N configuration of about 2.4% to 3.6% 
followed by the 2/^ N configuration. These virtual isobar are 
created in a close collision of two nucleons preferably in a 
relative s-state. In oxygen the number of components for a 
given isobar configuration increases considerably because of 
the many possibilities of choosing two holes in the s-shell 
or p-shell or one in the s-shell and other in the p-shell. 
The isobar configuration contribution in the deuteron on the 
electromagnatic properties seems to improve the agreement 
with experiment or atleast consistent[41,44,31]. 
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CHAPTER 5 
1 - 'f 
N-A EXCITATIONS TH NUCLEI 
fS-A) INTRQDUCATIQN 
The study of A-excitations in nucleus is a natural 
extension of the study of nuclear structure. The A is 
however not identical with the nucleon in a nucleus.As 
already mentioned in the chapter 4 that when ^ is placed in 
nuclear medium. There is a change in its properties in 
addition to the change in the properties of nuclear matter. 
Thus the nuclear medium in presence of /^ behaves 
differently from the normal nuclear matter. Much of the 
systematic studies of /^'s in nuclei comes from the work 
involving real photons [1], This work shows that the 
photoproduction cross section per nucleon is independent of 
the nuclear mass number to a large degree. This work is 
limited to the transverse excitation of the / \ . Connell, et 
al [2] shows that in the ^ -region the cross section for 
nuclei is about 30% larger than that for nucleons. This 
indicates the presence of additional reaction mechanism, the 
most likely one being ^-excitatipn. The most detailed 
calculations for the /^-excitation in nuclei were obtained in 
the frame work of of the ^ -hole model [3], This model gives 
a good account of the resonant part of the ^-excitation, 
accounting for the interaction of /^wjth the nucleons and 
1 u ; 
coupling of n N system to more complicated states.For / \ in 
nuclei we know,from the studies of (11,n ) in terms of 
^-hole model, that /Ci is bound in the nuclei only 2/3 as 
strongly as nucleons [4]. 
The importance of /^(1236) excitation has been 
also recognized in the isobar model [5] for pion production 
in nucleon-niicleon collisions. 
In this model single pion production occurs when 
one nucleon in a nucleon-nucleon collision is excited to the 
isobar with J=3/2 and subsequently decays via poin emission. 
The model is applied to the 0.8 to 3.0 ev incident nucleon 
energy range. The isobaric state with isotopic spin and 
angular momentum=3/2 observed in pion nuclear scattering was 
assumed to be predominantly responsible for pion production 
in this energy range. In addition to isospin and angular 
momentum the excitation is further characterized by the total 
energy of it's decay products in it's rest system. 
Recently much work has been devoted to the study of 
the /\ admixture into the ground state of the deuteron. In 
those calculations the /\^ has always been treated implicitly 
in the frame work of perturbation theory. Such approach 
seems to be justified as long as the ^ N interaction can be 
considered to be weak. For excitation energies of some 300 
16 
Mev, however the /\H interaction is expected to be quite 
strong. Therefore a more explicit treatment of ,the 
interaction between nucleonic and nuclear degrees of freedom 
seems to be necessory. 
The excitation of bound nucleons into /^s is 
investigated in a particle-hole model [6]. Here the 
elementary excitation mode is assumed to be the transition of 
a bound nucleon into bound ^ . When a bound nucleon is 
excited into a /\^ resonance an excited baryon and a nucleonic 
"hole" is being produced, where the "hole" denotes the state 
of the residual (A-1) nucleus. Thus the elementary excitation 
of a bound nucleon can be described in the first order as a 
particle-hole excitation of the target nucleus. Of course, 
the (rapid) exchange of the resonating pion leads to the 
strong interaction of various particle-hole excitations. The 
residual interaction between a nucleon and a /^ leads to the 
mixing of different particle-hole excitations and hence, 
collective effects are expected to show up, resulting for 
example in a shift of the main peak of the excitation 
spectrum. 
In the first part of this chapter we present the 
experimental evidences for the nuclear excitation of /^. The 
second part of this chapter discusses quadrupole excitation 
of ^ and nuclear excitation of ^  in the frame work of /\-
hole model. 
I 
(ft-R^  Experimental evidence 
The experimental evidence for the f\-
excitations in the nuclei comes from the experiments 
concerning /\ in the nuclei via charge exchange reactions 
studied at Laboratory National Saturne. This program is 
devoted to spin-isospin excitation in general and has started 
by an experiment on ("^ e, t) on various targets. In ("^ e, t) 
spectra, the complete response of the nuclues to spin-isospin 
probe has shown up nuclear particle-hole and £\^ have been 
excited at the same time .Moreover a very important feature 
has appeared in ('•'He,t); the ^ peak in nuclei is shifted 70 
Mev down in energy with respect to the free ^-excitation 
P<^He, t) /^^ . 
Another domain, open to /^ degrees of freedom , has long 
remained unexplored, i.e. heavy ion physics. Very recently 
^-excitation in an heavy ion charge exchange reaction at 
Saturene has been observed for first time. It seems to very 
reasonable to assume that /\^ excitation dominates n 
production in heavy ion. 
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(a) Study of the /\ isobar excitation in nuclei with ( H e .t) 
reaction. 
The ( H e , t) experiment was performed at 
Labaortorie National Saturene [7] using He beams of 1.5, 
2.0, and 2.3 Gev on several targets from "'••^C to -^"^^Pb. The 
outgoing tritrons are analyzed in a magnetic spectrometer 
C83 and identified in set of scinti1lators.We present here 
the results mainlly obtained at 2.0 Gev. 
12 Fig (1) shows the spectra observed on C at 1.5, 
.2.0, and 2.3 Gev for 0°.ln addition to low lying levels, a 
broad strucure is seen at an excitation energy of 300 
tiev.This broad structure is related to the £i-resonance which 
has a cross section increasing with energy. The energy 
dependence can be explained as a effect of the decrease in 
four-momentum transfer with increasing energy. This behavior 
can be related to the variation of the He form factor with 
four momentum transfer .The ratio of the peak cross section 
between 2.0 and 2.3 Gev is consistent with ratio of the He 
experimental form factors C9,10"J at the corrsponding momentum 
transfer. 
Fig(2) shows the spectra observed in the ^-region from the 
(4He,t) reaction on several nuclei at 0° for an incident 
energy of 2 Gev. On all of the targets the ^ resonance is 
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seen to be clearly excited with a width of 160 Mev. A common 
feature of spectra is that the peak position is independent 
of target mass number (A). 
Fig (3) shows the angular distribution observed at 2.0 Gev on 
some the targets with the data on the proton. It can be seen 
that they all display the general shape and also similar to 
that observed for the p-^'*"Vgain the reason being the 
variation of the form factors with momentum transfer. 
(b> The (d, 2P) reaction 
The (d, 2p) reaction with two protons in a relative 
singlet S state [11] is, at intermediate energies, a very 
selective probe of spin-isospin modes in the p^-direction. In 
the (d,2p) experiments performed at Saturne the 2 protons are 
recorded in the same magnetic spectrometer. This means that 
the relative kinetic energy of the 2 protons has to be very 
small and thus the very experimental setup selects the 
singlet S state. The contribution from 3p is less than 1%. 
Data has be en obtained at 650 Mev and 2Gev deuteron 
bombarding energy and the results obtained do indeed confirm 
the expectation mention above. 
Fig (4) shows the 0° spectrum for "^^ FeCd, 2p). 
Spectra at large angles show that the peak dominating the 
spectrum coresponds to an t--0 transition. 
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Fig (5) shows the spectra at 2 Gev with CH2 and C targets. 
The difference spectrum can give the p(d,2p) data. 
At 2 Gev, the ^  excitation is again a dominant feature of 
the spectra. We also see here a shift in the /\-energy 
between proton and the ^^ C nucleus, very similar to what is 
observed in the (%e,t) reaction. 
.(c> Heavy ion, charge exchanfite. reactions 
Experiments on relativistic heavy ion charge-
exchange reactions have been devoted to study the spin-
isospin excitations by charge exchange reactions at 
intermediate energies. In the energy range from 200 Mev per 
nucleon to 1 Gev per nucleon, one takes advantage of a very 
strong selectivity in favour of spin-isospin modes 
demonstrated in (*^ He,t) between 600 Mev and 2, 3 Gev[12]. Two 
excitation energy regions locate the response of a nucleus in 
spin-isospin channel. At low excitation energy it coresponds 
to nuclear partiacle-hole states i.e., spin-dipole, spin-
quadrepole excitations. At high excitation energy it 
coresponds to the excitation of a nucleon into a /\-
resonance. This two fold spectrum illustrates that the 
nucleon and ^-resonance or two states of the same particle 
in quark formalism, the ^ (S=3/2, T=3/2) is indeed the 
excited state of a nucleon, obtained by flipping one quark in 
the spin-isospin space. Excitation of ^ -resonance has been 
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observed for the first time, in two mirror charge exchange 
reactions (^ N^e.^ F^) and (^ N^e, ^ O^a) at 950 Mev per nucleon, 
with relativistic heavy ion at Laboratorie National Saturne 
[13]. This excitation is very strong . 
Fig (6) shows the spectra ^ ^F and ^"^ Na produced in 
on 
the charge exchange channels with a Ne beam at 950 Mev per 
nucleon on 'Al. These spectra consist of the following 
i) a peak at low excitation energy about 30 Mev above the 
ground state. This is interpreted as being due to spin-
isospin excitation of particle-hole states corresponding to 
different multipolarities in the target. 
ii) a peak at about Q = -300 Mev, which is the expression of 
strong internal excitation of nucleon into a (^-resonance in 
the target nucleus. The cross section is very small beyond 
the ^ peak. It was ascertained that this peak appears at 
the same excitation energy in the measurement performed at 
1100 Mev per nucleon. The total cross section for Z^-
excitation is 2.7 times bigger for (^ "^ Ne, "^-"F) than for 
<20Ne, 20Na). 
(R-C> Theorit.ioal description 
In past few years, there have been many theoritical 
studies of the behaviour of /^-resonance inside 8 nucleus, 
^-excitation is the dominant feature of the intermediate 
energy photon and pion-nucleon interaction. Most of the work 
has been done for the pion-induced reactions, such as elastic 
[14,19] and inelastic [19, 20] pion nucleus scattering. 
Detailed studies of pion nucleus scattering have shown that 
^ propagation is strongly modified in the nuclear medium. 
For example, the many body decay mode corresponding to pion 
annihilation /J^ N > HN damps the ^ propagation 
apreciably. Clearly these effects must also play an important 
role in determining intermediate energy photo nuclear cross 
sections [21]. The ^-hole approach has been used to include 
these effects in the theoritical description of photo nuclear 
[22] and pion-nucleus reactions [23j at jntermediale 
energies. 
The ^-hole approach has been extended to 
description of inclusive electron scattering from light 
nuclei [24, 25]. Here the ^-peak dominates the cross section 
for energy losses above the pion production threshold, which 
makes this reaction a good tool to study the <^-nucleuG 
interaction [26]. In the first part of this section we shall 
17^ 
discuss the quadrupole excitation of ^-resonance. The second 
part presents the nuclear excitation of ^ in the frame work 
of ^-hole model. 
(a^ Quadrupole excitation of /\. 
The /2i is mainly excited through HI; in the 
simplest model, the nucleon contains three quarks the spin of 
one of which is flipped when going from nucleon to the £^. 
The quadrupole excitation of /\ results due to the 
deformation of the nucleon. A number of arguments have been 
advanced for the occurrence of such a quadrupole deformation 
of the N, A = 
(i) in quarks models with constituent quarks, the quark 
hyperfine interaction (gluon exchange forces) may have a 
tensor component. Such a tensor term will induce D states and 
the mixing of S and D states in /^, and allow for a /^ 
deformation [27, 28]. 
(ii) the n couples to the quarks in chiral bag model, 
primarily at the poles of the nucleon spin. The pressure 
exerted by the pion at the poles leads to an oblate 
deformation of the nucleon [29] 
(iii) when ^ is treated in the nuclear medium the coupled 
channel and decay channel IIN changes the mass of the /\ and 
\7l 
it's decay properties. This coupling can produce a quadrupole 
contribution of a comparable size [30]. 
<iv) the MIT (spherical) bag model explains well many 
properties of the nucleon and it's excited states. However 
the properties of £\^ are not accounted for very well. In 
particular the MIT bag model predicts the axial vector 
coupling constant G^ > 5/3. Experimentally G^ = 1.25. By 
changing the A = 3 magnetic moments by introduction of a D-
state, Glashow[27] proposed the occurrence of a D-state in 
the N,A-
(v) the spherical bag model predicted the ratio of FINA to 
riNN coupling constants equal to 72/25. Experimentally it is 
4. Vento et al [28] observed that the existance of D state in 
N and ^ fixed the problem. 
Both of the above observables could be brought 
close to experimental values if the nucleon had 9 25% D-
state. 
The consequences of such a D-state are not easily 
observable for the nucleon as its spin is 1=1/2. For N -->f\ 
excitation on the other hand, one can expect in addition to 
the standard Ml transition a E2 and C2 component. 
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(b) Nuclear electron scatterinff at interpediate energies 
The nucLeon photoabsorption reactions reveal that 
the photoabsorption cross section at the ^ peak is very less 
than that obtained for Tl'^p scattering [23]. Consquently, 
pion scattering is determined mostly by interactions in the 
nuclear surface, so that the reaction cross section is 
geometrical. On the other hand photon reactions sample the 
entire nuclear volume, so that the cross section can be 
expressed as the incoherent sum of nucleon photo absorption 
cross sections, cr^ /^  ~ A o^^> where A is the nucleon number. 
However the incoherent sum of nucleon absorption cross 
sections Ao^ j^  does not describe the data quantitatively. The 
deviations are due partly to kinematical effects such as 
smearing of the ^ resonance by the nucleon Fermi motion, and 
partly to dynamical effects, such as pion annihilation. 
The ^  hole approach provides a natural frame work 
for incorporating these effects in the description of 
photoabsorption consistent with that obtained for pion 
scattering. This model gives us a satisfactory description of 
the resonant part of ^ -excitation and it's interaction with 
the nucleons. 
We will now study the inclusive electron scattering 
from nuclei in the frame work of /[^ -hole model at 
intermediate energies<200-450 Hev), In this energy region, 
the electron-nucleon cross section is due to the pion 
production, mainly through the ^ -excitation. 
The inclusive cross section for a nucleon is given 
by [313 
d^o-
where 
d/i-gdSg 
N --
AyCorCW, k) + € O-LCW, k)] ... .(1) 
ot K S 
Zn^Y.^ S^U-C) (2) 
and 
€ = [1+ Zl^/k^^tan^e/Z]"'^ (3) 
S j^  and $2 ai"e the energies of the incident and the scattered 
electrons respectively and 8 is the scattering angle. The 
four momentum of the exchanged virtual photon is 
^xx = <Sl - ^2>ix 
= <W, "k) 
If the mass of the electron is neglected, one has 
\ ^ - 433^ 82 Sin2e/2 
In equation (1) A^ represents the flux factor and E is the 
polarization of the virtual photon."K is the equivalent 
photon energy, i.e., the laboratory momentumn of real photon 
must have to yeild the same total centre of mass energy E; 
'[•/^ 
E^ - M^ 
K = 
2M 
Of and a£ represent the absorption cross section for a 
transverse and the longitudinal virtual photon. 
2 
In the soft limit, K^ > 0, the largest 
contribution to the inclusive cross section comes from the 
transverse part [32], which shows the dominant ^-excitation 
peak 
Fig. (7) 
Fig. <7) shows the pion electro-production including the /\-
production. 
The /^-contribution to the virtual photon-nucleon 
amplitude can be written as [31] 
A t 1 
(4) 
ut 
v?here Fy^A' D(E)"-^and Fyj^^ represent the /^^-excitation, 
vertex function^ A~PJ^opagator and A decay vertex function 
respectively. The imaginary part of the farword scattering 
amplitude yields, through the optical theorm, the total 
absorption cross section for a virtual photon, eq. (1), 
<r^ = ImxA:!^) (5) 
T K 1 
This cross section is entirely due to the pion production 
through A'^^oit^^io'^- I"^  ^^^ isobar model, the pion 
production amplitude for a virtual photon [28] is 
\ ^ = 4 B A - , ' - - ^ r N A ••••<6> 
The magnetic dipole excitation of a A is described by the 
vertex FrN/\ through the virtual photon. This vertex is has a 
form [22] 
FrNA =----- f^(k2)6.k X S^ T3 ....<7) 
"A 
Here gyNA ^^ ^^ ® YNA coupling constant f/v is the electro-
magnetic form factor in the vertex. S and T are the spin and 
isospin ^ > N transition operators, repectively, with 
normalization S. S"*" = 2 
The coupling of pion to the nucleon has the form 
Ui 
where "^  is the pion momentum in the IlN cm. frame 
V(q) = (1 + q2/B2)-i 
In treating the inclusive electron scattering on nucleus in 
the /^-hole approach, one has to consider the effects of the 
nuclear medium on the iCi-propagation. 
In the /^-hole approach the invariant nuclear 
amplitude has the foym [32] 
where Fyfj A is the effective "i^/^ vertex and is complex and 
energy dependent due to the UN propagator Gj-j-^^ (fig.8). 
^ V N A ^^^ ^^^ form [33], 
p CE, K;.)- a-ifwA J l ^ £ . /< ^ ^ ' i 
Wrv/A —!i • V/V  K 
Fig . (8) 
13'. 
The coherent superposition of the iO^ h excitations are 
generated by the photon vertex in the target , 
nfiv^ » -^^ tiD 
In eq.<9) "S/vh i s the many-body C^-^ Green funca t ion . The 
G/v^ con ta ins the dynamical d e s c r i p t i o n of / ^ -p ropaga t ion 
i n s ide the nuc leus . The G/v ^ has the form[14] 
G^h = CD(E-H^) - Wn - S|* - ^sp]"^ ••<12) 
The first part on right hand side is the free resonance 
denominator D<E) evaluated at E-H^, the initial energy 
available to the J\, The Hamiltonian H/v is given by 
»A = "^ A ^ ^ A ^ »A-l <13> 
The one body Hamiltonian H/^  includes the isobar kinetic 
energy 'i'A > an average binding potential VA , and the hole 
energy through the residual nucleus Hamiltonian ^^-\ • In 
equation (12) various terms contribute to the dynamics of A 
in nucleus as [23] 
<i) the operator T/\ incorporates the effects of the nuclues 
motion. However the binding potential V A is expected to be 
similar to that .of the nucleon. 
(ii) the term OW accounts for the reduction of A * decay 
width from it's free space value and effectively shifts the 
resonance position to higher energy. 
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Fig. ^ . Comparison of calculated inclusi\e tiectron scattering cross section per nucleon for 'He, '"C 
and "O; also shown is the singlc-nucleon cross section. 
1 3 : 
(iii) Intermediate propagation of n ° meson in the presence 
of nuclear ground state is described by W j-j. This term 
corresponds to coherent multipole scattering. The on shell 
part of the W j-j- gives the elastic width in the /^-hole 
propagator. 
All these effects are lumped into a /^ spreading 
potential Vgp. The comparison [23] between the results due to 
the inclusive electron scattering in /\-hole approach and the 
data for three light targets "^e, ^% and ^^ (fig.9) shows 
that theoretical cross sections was lower than the data. For 
"^ He and one set of '^^ C data. The theoretical results were 
quite close to the experimental value. However for other set 
of ^ C measurements and particularly for ^ ^0 the disagreement 
is more serious, about 15%, at the peak. 
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CHAPTER 6 
•1 O C 
SUMMARY AND CONCLUSION 
In the following v/e shall briefly summarize the salient 
Fontiiros that omorqo out of tJiis study on " A - rcsonniicos in 
particle and nuclear physics". 
(a) Z^ - resonances in particle physics 
1. T h e ^ plays an important role in explaining the TT N scattering 
data below 250 Mev (Table-2 Chapter-1). The phase shift analysis 
(as discussed in chapter I) shows that the j=3/2 phase shift 
dominates the data and the ^ -resonance occurs at 180 Mev. 
This Z^  resonance can be considered as excited states of 
necleon. The other phase shifts are not well known in the 
region of resonance. Ilov/cver the situation improves below 100 
Mev where S wave assumes importance. 
2. The static properties of ^ (as discussed in chapter-2) are 
given as, 
Mass (M,) = 1236 Mev 
Isospin (T) = 3/2 
J^ = 3/2'" 
.' Magnetic moment (^^*) = 4.7 (;^  H.-f^ <C 6.7 
2 
Quadrupole moment (Q.) = -0.089 fm . 
The non-vanishing value of quadrupole moment of A reveals 
an intrinsic deformation of, the excited nucleon. It is of 
significance J ii Llio study of nucleon structux^e oflccts in 
nuclear properties. 
3. The dynamical properties of A (discussed in chapter-3) play 
an important role in pcirticJc physics. A -N (^  3-B) mass 
«! c r 
splitting (which is of the order of 300 Mev) is hypothesised 
to be a manifestation of. quantum chromodynamic hyperfine 
splitting. 
4. In literature two types of form factors (Dirac & Sach) are 
used. In A -N transition ( ^  3-C) the sachs form factors, which 
enter in terms of definite multipole amplitudes, give a better 
description of the A-
5. In the weak excitation of A (5 3-E) the magnetic transition 
amplitude dominates as compared to the Coulomb and electric 
transition amplitude^' 
0.02 
-0.2 
2 
The magnetic amplitude has q dependence such that it falls 
faster then the dipole fit of proton charge form factor while 
for coulomb and electric parts the information is not clear. 
(b) LS - resonances in nuclear physics 
1. In nuclear physics the theoretical methods to treat the nuclear 
many body problem including the mesonic and ^ degrees of 
freedom rely strongly on the field theoretical arguments and 
simple modes. The isobar model allows a consistent description 
of the internal nuclean structure effects by introducing the 
excited states of the nuclean into the nuclear wave functions. 
Such states are treated on equal footing with the nucleon ground 
^E 
M 
'^ S 
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2. As rovLOWod in chaptor~'1, an accuralo doscrij)! ion of t lio olorl-
romagnetic, strong and v/oak interaction properties of the very 
light nuclei is not possible without taking into account, 
(i) the interaction effects related to the meson degree of 
freedom, 
(ii) the isobar configuration. 
The introduction of the meson exchange currents and isobar 
in the nuclear medium as subnuclear degree of freedom lead 
to a better description of processes like, 
(i) photo disintegration of deuteron 
(ii) deuteron electrodisintegration near the threshold and 
(iii) the electro magnitic form factors of the deuteron and 
of A = nuclei. 
3; For the weak interaction processes like O d -- f/pp, the role 
of electromagnetic form factors in meson exchange currents 
and isobar configurations is controversial at high momentum 
transfer. Sepcial emphasis has been laid on the question whether 
the Dirac form factors or the Sachs form factors or the axial 
2 
rector form factor F (q ) should be used for the MEC. Various 
theoretical arguments favour Dirac form factors but none of 
these arguments are v/ell founded. 
4. In nuclear excitations around 300 Mev it is obvious that the 
internal degrees of freedom of the nculeon have to be taken 
into account explicitly; the A being produced near its mass 
shell strongly interacts with the surrounding nucleons. By 
this interaction the characteristic properties of a in a 
nucleus significantly change from those of the free A (4-C,a). 
These excitations have been recognized in various models like, 
isobar model, particle - hole model etc. (chapter-5) for light 
nuclei. 
5. In the nuclear excitation, of A , the excitation of a bound 
nucleon leads to a collective excitation spectrum which differs 
qualitatively from that of the free A . Those collective 
excitations are expected to reflect both the underlying 
structure of the target nucleus and the ^ N interaction, 
i.e. the coupling of internal degrees of freedom of a nucleon. 
When calculating this spectrum one has to know ^ N interaction, 
i.e. the mesonic structure of nuclei, so one has to rely either 
on field theoretical arguments or simple models for the nucleon. 
CONCLUSION 
Although' the importance of l\ -states in nuclear physics 
has been widely studied, it has only been possible so far to 
draw tentative conclusions. 'The non-relativistic approach used 
for free gives a good account of data (EM ratio) but for 
the intrinsically relativistic nuclear many body problem the 
non-relativistic approximation seems to be less important. 
Thus relativistic approach to nucleons and deltas in nuclear 
matter may serve to help in clarifying this problem. 
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Appendices 
(A-3) A-M Current 
iV 
The general expresBion for the current matrix 
element has the form v 
where LLj^  is the nucleon spinor and H A is the Rarita-
Schwinger spinor for i^-isobar. Taking both the baryons on 
shell, Lorentz invariance and the parity conservation for the 
current yeild the general form of the tensor as 
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